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OCCURRENCE  AND  DISTRIBUTION  OF  CORUNDUM  IN 

THE  UNITED  STATES. 


]\y  Joseph  Hyde  Pratt. 


INTRODUCTION. 

In  obtainiiifi:  data  for  this  paper  many  eonmdum  localities  were 
visited,  espe(»ially  those  that  were  thought  to  carry  the  mineral  in 
commercial  quantity.  Although  all  the  occurrences  of  corundum  can 
not  be  described  in  detail,  they  are  all  mentioned  in  the  tabulated  list 
of  lo(*alities,  page  70. 

Considerable  activity  in  corundum  mining  has  sprung  up  within 
the  la.st  few  years,  and  several  new  occun^ences  of  corundum  in  quan- 
tity have  been  brought  to  light,  those  of  special  note  being  in  Ontario, 
Canada,  where  the  corundum  occurs  in  a  syenite,  and  in  North  Caro- 
lina and  Georgia,  whei'e  it  occurs  in  a  gneiss  or  a  quartz-schist. 

The  corundum  localities  in  the  United  States  are,  with  the  excep- 
tion of  those  in  Montana,  Colorado,  and  California,  limited  to  the 
Appalachian  region,  the  mineral  having  been  found  at  various  points 
throughout  nearly  its  entire  length.  The  mining  of  corundum  has 
been,  however,  confined  to  a  narrow  section  of  the  southern  portion 
of  that  region,  i.  e.,  to  northeastern  (rcorgia  and  southwestern  North 
Carolina,  with  the  exception  of  the  em(»ry  mines  at  Chester,  Mass. 

Often  a  distinction  is  made  betwec^n  emery  and  corundum,  many 
persons  not  recognizing  emery  as  a  vai'iety  of  c^orundum.  There  are 
thi'ee  names  in  constant  use  to  designate  the  varieties  of  corundum: 
(1)  Sapphire,  which  includes  all  (*orundums,  of  whatever  color,  that 
are  transparent  to  semitransparent;  {"2)  corundum,  including  the 
translucent  to  opaque  varieties  of  all  colors;  (3)  (»mery,  which  is  a 
mechanical  admixture  of  corundum  and  magnetite  or  henuitite.  The 
last  two  varieties  are  those  used  in  the  arts  for  abrasive  purposes, 
emery  being  used  in  very  much  larger  (juantities  than  corundum. 
It  is  of  course  the  presence  of  corundum  in  the  <Mnerv  that  gives  to 
it  it«  abrasive  qualities  and  makes  it  of  commercial  value,  and  the 
abrasive  efficiency  of  emeries  varies  acconling  to  the  perc<»ntage  of 
corundum  they  contain. 

Any  corundum  that  is  transpar<»nt  is  included  under  the  head  of 

sapphires,  although  many  of  these  have  distinct  names  in  the  gem 

trade.     The  blue  sapphire  is  known  as  the  oriental  sapphiiv,  tin*  red 

9 


10  OORITNDUM    TN    THK    UNITED    STATES.  fiiri.i .  Iho 

sapphire  as  the  oriental  ruby,  the  ^re(»u  sapphire  as  the  oriental 
emerald,  the  yellow  wapph ire  as  the  oriental  topaz,  and  the  purple 
sapphire  as  the  oriental  amethyst.  There  are  also  pink  and  white 
sapphires.  Tlie  eorundum  gem  or  sai)phire  loealities  arc*  usually  dis- 
tinet  from  the  corundum  loealities,  althougli  very  handsotiie  gems 
have  l)een  found  where  the  eorundum  was  mined  for  abnisive  pur- 
poses, notably  at  the  Corundum  Ilill  mine,  CuUasagc^e,  N.  i\ 

Corundum  as  it  is  mined  for  abrasive  purposes  occurs  as  (1)  sand, 
(2)  crystal,  or  (3)  gravel  and  block  corundum.  Sometimes  all  three? 
types  are  found  in  the  same  deposit.  The  sand  corundum  consists  of 
small  grains  or  fragments  of  the  mineral  scatteixnl  through  the  vein. 
The  crystal  corundum  consists  of  crystals  up  to  3  inches  in  hMigt  h. 
Often  these  crystals  have  parting  planes  so  thoroughly'  developed  that, 
in  crushing,  the  corundum  breaks  up  into  regular  rhomboln^drons, 
this  breaking  continuing  to  even  the  finer  sizes  and  causing  the  grains 
of  corundum  to  crumble  when  in  use.  This  persist(*nt  regular  break- 
ing of  tlie  corundum  destroys  its  cutting  efficiency,  for  it  is  the  irregu- 
lar fracture  that  produces  the  best  cutting  edge.  The  block  variety 
often  occurs  in  masses  of  almost  pui-e  corundum  from  10  to  1,(X)0 
pounds  in  weight.  Again  it  occurs  in  large  masses  intimately  asso- 
ciated with  hornblende,  feldspar,  etc.,  making  a  rock  which  is  tough 
and  is  difficult  to  work.  Frequently  the  only  way  to  break  the  nuisses 
is  to  build  fires  over  them  and  then  suddenly  cool  them  by  pouring 
water  upon  them.  The  parting  planes  are  at  times  very  noticeable  in 
the  block  corundum,  and  are,  as  in  the  crystal  corundum,  detrimental 
to  the  commercial  product.  The  parting  planes  are  not  lines  of  cleav- 
age, but  are  planes  developed  in  the  mineral  by  synthetic  twinning, 
usually  parallel  to  the  unit  rhombohedron. 

It  is  the  hardness  of  corundum  that  makes  it  of  so  great  value  as 
an  abrasive.  Next  to  the  diamond  it  is  the  hai*dest  minei-al  known, 
having  a  hardness  of  0,  while  the  diamond  has  a  hardness  of  10. 
Garnet,  which  is  sometimes  used  as  an  abrasive,  has  a  hardness  of 
but  7  to  7.5.  Corundum  varies  slightly  in  hardness;  the  sapphire 
varieties  are  generally  considered  the  hardest,  and  of  these  the  blue 
stands  at  the  head.  Some  corundum  has  been  observed  that  was 
readily  scratched  with  a  knife,  as  that  from  Ac  worth,  (ira.  The  hard- 
ness of  a  corundum  is  often  misjudged  because,  when  made  into  a 
wheel,  it  does  not  cut  so  well  as  another,  when  in  reality  the  degree 
of  hai'dness  may  be  the  same  in  both  cases,  but  the  cutting  efficiency 
of  one  surpasses  that  of  the  other. 

The  theoretical  composition  of  corundum  is  alumina  (AI2O3);  but 
with  one  or  two  exceptions  all  corundums  that  have  been  examined 
vary  from  this  by  containing  a  small  percentage  of  other  constituents, 
principally  silica  (SiOg),  water  (HjO),  and  ferric  oxide  (Fe^Os)-  Nearly 
all  corundums  contain  water,  the  amount  varying  from  a  trace  to  2 
per  cent  or  more.  The  amount  of  silica  and  ferric  oxide  varies  also, 
some  corundums  containing  neither  of  these  constituents  and  some 
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eon  tain  ing  as  much  as  5  per  cent  of  one  ov  the  other.  The  i)Ui*est 
forms  of  corun<lum  that  have  been  analyzed  an'  the  sapphire  or  jjem 
varieties,  which  sometimes  show  over  00.5  jK^r  eent  of  alumina. 

All  eorundums  do  not  behave  alike  when  heat^l  to  the  high  tem- 
peratui*e  necessiiry  for  the  manufacture  of  vitrified  wheels.  While 
most  »orundums  can,  if  properly  cleaned,  be  used  in  the  manufacture 
of  these  wheels,  some  will,  when  he^ited,  cruml)le  to  a  iM)wder.  It  is, 
therefore,  very  es.sential,  befon»  beginning  to  min(»  a  corundum  deposit, 
to  thoroughly  test  the  ore  and  jiscertain  its  adaptability  to  the  manu- 
facture of  vitrified  and  other  wheels. 

MODES  OF  OCCrUUKXCTK  OF  OOIll^^DUM. 

Corundum  was  formerly  regarded  as  occurring  sparingly  in  nature, 
and  in  only  a  few  types  of  rocks,  but  it  is  now  known  to  occur  rather 
widely,  and  instead  of  being  in  ([uantity  in  the  bivsic  magnesian  or 
peridotite  rcK5ks  only,  it  has  l)een  found  in  abundance  in  syenites, 
in  gneisses,  and  in  schists.  Although  occurring  in  many  of  the  crys- 
talline rocks,  it  has  been  observed  as  a  rock  constituent  in  onlv  a  few 
of  them.  In  some  Ciises  it  is  an  original  constituent  of  the  i*ock,  and 
in  other  cases  it  has  l)een  formed  lat<M*,  during  the  process  of  metamor- 
phism. 

In  the  United  States  corundum  is  known  to  occur  in  the  following 
rocks:  In  peridotite  (dunite  and  saxonite),  in  biotite  contact  on  sax- 
onite,  in  enstatite,  in  serpentine,  in  chlorite-schist,  in  amphibolite, 
in  norite,  in  basic  minette,  in  andesite,  in  syenite,  in  amphibole- 
schlst,  in  gneiss,  in  mica-schist,  in  limestone,  and  in  cyanite.  These 
modes  of  occurrence  are  described  below  in  the  order  in  which  the}'^ 
are  mentioned. 

CORUNDUM  IN  PERIDOTITES. 

Extending  from  Tallapoosa  County  in  east-central  Alabama  to 
Trenton,  N.  J.,  there  is  a  narrow  belt  which  contains  disconnected 
outcroi>s  of  peridotite  rocks;  north  of  New  Jersey  (in  New  York, 
Connecticut,  Massachusetts,  New  Hampshire,  and  Maine)  the  out- 
crops are  fewer  and  do  not  form  a  continuous  Ix^lt.  It  is  in  the 
southf^rn  i)ortion  of  this  l)elt  that  these  rocks  have  reached  their 
greatest  development,  in  some  localities  outcropping  over  an  area  of 
several  hundi*ed  acres.  In  North  Carolina  an<l  in  thc^  more  southern 
portion  of  the  l)elt  the  prevailing  tyi)e  of  the  rock  is  dunite,  while  in 
the  northern  portion  the  secondary  rocks,  serp(Mitine  and  tiilc,  are 
prominent.  PI.  I  is  a  reproduction  of  a  photograph  of  an  outcrop  of 
dunite  at  Buck  Creek,  Clay  County,  N.  C. 

Throughout  nearly  the  entire  southern  portion  of  the  belt  the  peri- 
dotite rocks  show  a  freshness  to  almost  the  surface  of  the  exposures, 
and  there  are  few  localities  where  there  is  any  considerable  area  of 
peridotite  entirely  altered  to  serj^entine.  Tnder  the  microscope  thin 
sections  of  the  dunit<)  show  an  alteration  to  serpentine  between  the 


12  CORUNDUM    IN   THE    UNITED    STATES.  [buli.  180. 

particles  of  dunite.  These  peridotite  rocks  have  het^i  shown  to  be  of 
igneous  origin.*  The  blunt  lenticular  form  in  which  they  are  found 
would  be  difficult  to  associate  with  any  origin  but  that  of  an  intruded 
igneous  mass,  which  would  also  account  for  the  apophyses  that  have 
been  observed  extending  into  the  inclosing  gneiss.  At  Webster, 
Jackson  County,  N.  C,  a  large  block  of  gneiss  is  completely  inclosed 
by  the  peridotites  in  such  a  manner  as  could  l>e  attributed  only  to  the 
intrusion  of  the  latter  while  in  a  molten  condition.  The  line  of  sepa- 
ration of  the  peridotites  and  the  gneisses  is  always  sharp,  and  there 
is  no  transitional  zone  from  the  acid  gneiss  to  the  basic  peridotite. 
Under  the  microscope  the  latter  rock  shows  the  granular  structure 
characteristic  of  plutonic  origin,  the  grains  fitting  perfectly  into  one 
another  without  cementing  material. 

Associated  with  all  these  peridotites  is  the  min(»ral  chromite,  which 
occurs  as  disseminated  particles  near  the  borders  of  the  lenticular 
masses  of  the  peridotites.  '^I'here  is  very  little  carbon  found  associated 
with  these  rocks,  and  what  has  been  observed  is  unquestionably  of 
secondary  origin. 

Until  recently  the  common  occuri*ence  of  corundum  (not  including 
emery),  and  the  occurrence  in  which  the  mineral  had  been  found  in 
commercial  quantity,  was  in  association  with  these  basic  magnesian 
rocks,  peridotites,  principally  dunite.  The  country  rock  that  is 
commonl}'  in  contact  with  the  peridotite  is  a  hornblende-gneiss,  but 
these  peridotite  formations  have  also  been  found  in  contact  with  a 
biotite-gneiss  and  with  a  mica-schist.  Where  the  country  rock  is  a 
gneiss  it  is  usually  considerably  decomposed  near  the  contact,  and, 
while  retaining  the  appearance  of  the  unalt/cred  rock,  it  readily  crum- 
bles to  pieces  when  handled.  The  peridotite  is  also  more  or  less 
altered,  the  change  Ixung  usually  to  serpentine. 

The  corundum  is  not  an  accessory  mineral  in  these  peridotites,  but 
is  either  concentrated  near  the  contact  of  the  peridotite  with  the  other 
country  rocks  or  in  pockets  within  the  peridotite  formation.  A  series 
of  alteration  products  ha^s  been  developed  in  this  contact  zone,  so 
that  the  corundum  is  not  found  in  direct  contact  with  the  peridotite, 
but  is  separated  by  intermediate  zones  of  chlorite,  enstatite,  etc. 
Chlorite  and  vermiculite  are  usually  developed  Ix^tween  the  corundum 
and  the  gneiss.  For  convenience,  the  occuri^ences  of  the  corundum 
in  these  alteration  products  between  the  peridotite  and  the  gneiss  are 
designated  contact  veins,  and  those  wholly  within  the  peridotite 
dunite  veins. 

In  a  cross  section  of  a  contact  vein  extending  from  the  gneiss  to  the 
peridotite  (dunite)  the  following  sequence  is  often  observed: 

a.  Gneiss,  hornbleDdic  or  micaceons.  apparently  unaltered. 
h.  Gneiss  with  same  general  appearance  as  a,  but  so  decayed  that  the  particles 
readily  separate  from  one  another. 


lElisba  Mitchell  Sci.  Soc.  Jour.,  Part  II,  im\  p.  :«,  and  Am.  Jour.  Sci.,  4th  series.  Vol.  VI, 
1896,  p.  50. 
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('.  Yellowifih  vermicnliteB,  varyiDg  considerably  in  tbickn»v<,  the  untxiinnni 
being  (i  to  8  inches;  in  places  Btjsent.  bo  that  l>  cotups  directly  in  coiitA<tt  with  d: 
where  present,  c  often  merges  into  rf. 

i1.  Green  chlorite,  varying  in  thicknesa  much  like  c.  and  in  placea  Hbscnt. 

e.  Chlorite  nnd  comndnm,  sometimes  with  a  little  vermicnlile.  En  p luces  this 
mass  may  1«  largely  cornndnm.  and  it  is  what  is  called  the  ■■corundum  vein," 
varying  in  thickness  (roiii  a  few  incheK  to  12  or  1-1  feet. 

/.  Green  chlorite:  so  far  an  observed  always  present,  and  varying  in  widtli  from 
1  to  li  incbeH. 

(/.  Enstatiie:  in  places  hard  anil  compact,  and  in  widths  of  several  feet:  asaully 
merges  into  'i. 

li.  TalcoKe  rock,  iisnally  fibroiiH.  varying  in  thickness  from  a  few  inches  to  avt' 
eral  feet. 

J.  Dnnite.  mure  or  less  itltered.  friable,  anil  stained  with  ferric  oxide. 

k.  Dnnite,  Apparently  unaltered.  i|nite  extensive. 

lietwccii  h  and  J  a  m-nm  of  jcllowisJi  clay  {/')  is  soiiietimoa  observed 
which  often  contains  a  narrow  seam  or  fragments  of  chalcedony. 
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Carolina.  «,  frmli  and  uualtared  gQeiKB;  6,  decayed  and  imnLtered  itnei^fi:  '■,  vixmiiulilo-;  rf. 
given  chlorite;  ^,  i-oruDdum-bBaring  lone:  f.  sreon  chlorite;  •/.  iTHtalllo,  A.  tiU-ose  roi-k; 
1,  cluy;  J.  altered  dmiite:  *,  nnalterod  dimite. 

From  what  could  be  learned  liy  actual  ol>scrvatioTi  ainl  inquiry 
amou^  the  miners,  rand  >/  luv  soniclinics  alisciil,  atid  wlieii  (liis  is  the 
cauc,  i>,  a  mixture  of  <'hlorite,  verniiculitc.  ami  i-orumliiin,  is  seem- 
ingly in  dintct  contact  with  /).  Tlie  chloiili',  liowi'vcf,  im  (lie  diinite 
side  of  the  section  is  constant.  The  Ihitrkness  cd'  the  several  zones 
(«,  h,  c,  etc.)  in  such  sections  varies  fjreatly  at  ilifFei-i-til  places,  and 
the  distan(ru  acros.s  the  sctrtions  may  Ik-  sai<l  lo  vary  at  ciifTerent 
points,  even  in  the  .same  region,  from  a  lew  feel,  (o  :ju  or  -in  feet.  The 
accompanying  diagram  {fig.  1)  leyieseiits  the  cross  section  of  a  con- 
tact vein  oliserved  at  the  C'onuKliim  Hill  mine,  Cullasu^if,  .Macon 
County,  N.  0. 

In  the  diagram  n  represents  gneiss,  apparently  fresh  and  unaltered, 
passing  into  b,  which  has  somewhat  tlic  api>oarancc  of  the  unaltered 
gneiss,  but  is  so  decayed  that  the   particles   readily  separate  from 
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one  another;  r  represents  a  narrow  zone  of  verini(*ulites  that  is  some- 
times entirely  lacking;  (Z,  a  j^reen  chlorite  (clinochlore)  partially 
decomposed  and  forminji;  the  vermiculiti*s  of  v;  e^  the  corundum- 
bearing  zone,  a  mass  of  the  green  chlorite  with  crystals  and  frag- 
ments of  corundum  disseminated  through  it;  /,  another  zone  of  the 
green  chlorite;  [/,  a  mass  of  grayish,  interlocking,  crystalline  sheaves 
of  enstatit^  that  merge  into  1\;  h,  a  fibrous  talcose  rock  which  passes 
into  .;; ./,  an  altered  dunite  that  is  somewhat  friable  and  stained  with 
ferric  oxide;  A*,  a  hard  and  apparently  unaltered  dunite.  Between  h 
and  j  is  a  mass  of  soft,  yellowish  clay  (/)  containing  fragments  of 
chalcedony. 

The  line  of  contact  In^tween  th(^  zone  of  alteration  pnKlucts  and  the 
gneiss  was  very  sharp  and  dislin(*t  in  all  the  contact  veins  examined. 
The  minerals  developed  between  the  corundum-l>eainng  zone  and  the 
dunite  are  in  great  abundance  and  differ  from  those  Ixitween  that 
zone  and  the  gneiss. 

In  a  cross  section  of  a  dunite  vein  at  a  shaft  near  the  scmthern  part 
of  Corundum  Hill,  in  a  distance  of  from  20  to  25  feet,  the  following 
has  l)een  observed: 

1.  Dtinite,  hard  and  apparently  unaltered. 

2.  Dnnite,  somewhat  friable  and  discolored,  passing  into  3. 

3.  Talcose  rock,  fibrous,  merging  into  4. 

4.  Enstatite,  grayish  and  somewhat  fibrous. 

5.  Green  chlorite,  6  to  15  inches  in  width. 

6.  Green  chlorite,  corundum,  and  spinel,  6  to  8  feet  wide. 

7.  Chlorite,  same  as  5. 

8.  Enstatite,  same  as  4. 

9.  Talcose  rock,  same  as  3. 

10.  Dunite,  same  as  2. 

11.  Dunite,  same  as  1. 

The  similarity  of  the  two  partes  of  the  vein  separated  by  the  corun- 
dum zone,  as  already  described  and  as  illustrated  in  fig.  2,  is  very 
apparent. 

In  fig.  2,  1  and  11  represcjnt  the  apparently  unaltered  dunite;  2  and 
10  represent, dunit-e  somewhat  friable  and  stained  and  passing  into 
3  and  0 — a  fibrous  talcose  rock,  often  carrying  a  green  actinolite  and 
some  green  chlorite;  4  and  8  represent  a  grayish,  rather  fibrous  enst^a- 
tit€  rock,  which  merges  into  3  and  0;  5  and  7  represent  a  green  chlorite, 
which  passes  into  G — a  mass  of  chlorite,  corundum,  and  spinel. 

Although  the  section  just  descril)ed  is  a  special  case,  it  was  observed 
that  all  of  the  dunite  veins  had  the  same  character  on  both  sides  of 
the  corundum-bearing  zone.  As  has  been  already'  stated,  either  a 
talcose  or  a  serpentine  rock  may  be  the  limit  of  the  cross  section. 
In  one  of  the  dunite  veins  at  Corundum  Hill  near  the  west  end  of  the 
outcrop,  the  zone  of  corundum,  chlorite,  and  vermiculites  is  in  direct 
contact,  both  on  the  hanging  and  on  the  foot  wall,  with  a  serpentine 
rock.  This  zone  is  divided — in  one  place  almost  pinched  out — by  a 
mass  of  8eri)entine. 
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At  all  of  the  ooniiiditin  localities  examined  a  careful  aearrh  has  been 
madf  t-o  till*!  the  corniiduin  directly  surrounded  by  the  peridotite,  but 
it  hiiM  Iwcn  thus  observwl  at  only  one  locality — the  Egypt  mine,  on  the 
wesl4frn  slope  of  the  SamiMon  Mountains,  in  Yancej'  County,  N.  C. 
The  few  .'4]>e(*imens  obtained  were  colleoted  by  Mr.  1'.  S.  Ilayew,  who 
developed  the  roninduni  property  in  that  section.  One  specimen 
shows  a  prisiimtic  crystJil  of  the  coi'unilnin  Hun-ouiided  by  n  jn^nular 
t)eridotit«  (diiiiite),  hut  wilh  none  of  the  cliloritf  minerals  which 
usually  intervene.  'ITie  dunile  is  not  <iuit<^  fresh,  but  is  stained  a 
yellowish  browni  by  iron  oxide  and  is  rathei-  friable.  On  the  hattal 
surfaces  of  the  corundum  a  little  niuscovite  is  developed.  This  ha» 
iH'en  oltserved  on  corundum  from  other  IrK'alitics. 

Spiiifd  has  been  found  at  a  number  of  the  corundnm  veins,  and  in 


a  few  cases  it  is  very  intimaiely  asHociateil  with  Ihe  corundum.  At 
theCailor  mine,  near  Democrat,  l{nn<-oni)ic  foiinly,  N.  ('.,  1he  ct)nin- 
duni  is  fonnd.  in  masses  of  a  white  juiil  ].ink  ci)]or,  inlertrrowii  with 
a  f?reenish-l>laek  spinel.  The  Ula^<scs  of  corundiini  iinil  spinel  are 
iwrtially  surrounde<l  by  a  deep -green  cliloiilc,  whicli  has  also  been 
developed  in  places  I)elweeii  itu- ■■iiruiiduni  and  ihe  .spiii<-l,  althouirh 
tbis  contact  of  the  coruiuhim  aixl  the  spinel  is  nsiiiilly  very  shiirp  and 
distinct.  A  massive,  coai-sely  to  finely  ffniiuihir  spinel  is  found  at  the 
Corundum  Hill  mine,  ,Ma<-on  Couiily,  \.  (.'.,  which  has  <lissenii- 
nate<l  thntu^h  it  small  jxrains  and  fi-a;;ments  of  jiink  and  white 
eorundum. 

The  mineral  chromite,  whicli  has  always  iH-en  fonnd  assiK-iated  with 
these  peridotite  i-ocks,  ot-cui's  sparinfjly  in  many  of  the  conindnm 
veins.     It  is  a  well-observed  faet '  that  when^  tln-i-e  i.s  imy  <iuantity  of 

'Am.  Iniit.  Hiu.  Eu^..  Vol.  XXIX.  IMW;  PebrtiM-y  muutlua. 
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cor  mid  mil  rmiiK)  in  tlu;  [M.Ti<li>til43  rtx-kH  1li<'n>  is  n  miufily  of  clini- 
mit<',  Hiid  wlHTe  there  in  n  Iiirf:*!  r|iiiiiility  i>f  rlirmriilp  1ln-ii'  is  ti 
tHMit'ily  of  <*ormi<liiiii. 

Ill  n  i'e<roiit.  pitiXT'  I  liavo  (lis<-iisK('(l  lliv  (>i-i)i;iii  nf  the  (-iiriiiulmii  in 
tlio  i>cri<lc>l iU'  rocks,  iit id  Imvv  accopl^tl  tlic  llit'orv  tlint  thi'coriindmn 
WHH  lii«ld  in  solution  in  tlio  iiitiltvu  ninssor  tli<-  iH'ri<]otiti'  when  il  whs 
intruded  into  the  coniiti-y  rock,  nnd  tliat  as  tin*  iiitisH  Wiinn  to  vmA 
it  WHsanioiifT  the  firat  iiiiiierHls  to ttepiiriitf.  In  th<>si^  uiolli'ii  magmas 
tho  more  basic  minerals,  coriiiidum  and  spiiiol,  would  lie  tlio  Jii-st  to 


Fli.  J.    Ideal  vurtiisl 


separate,  and  this  w'lmratioii  would  lake  plarc  alinif;  I  he  onter  Iwtxler 
of  the  iniu«K,  for  there  it  would  first  ('(xil.  (.'tinvection  rurreuls  would 
then  lend  to  briii;;  into  this  out«r  z<nie  a  new  supply  of  material  ear- 
ryiofi  alumina,  awl  when  this  zone  was  ivached  i-rystallizalioii  wonld 
take  place  and  the  aluniiita  would  Ih-  de|Kisited  as  <rornnduiii. 

I''itt.  -i  represents  an  ideal  apl^'arani-e  of  a  vei-ti<'al  cross  section 
of  a  mass  of  dnnite  holding  cormiduni  in  soUit.ioii,  so(m  aft«r  its 
intrusion  into  a  gneiss.  In  this  figniv  Ihe  corundum  zone  has  been 
greatly  exaggerated,  in  order  to  illustrate  iK'tler  the  ei-oss  section. 
The  corundum  would  be   conwntnitod    towanl    the  Inmlers  of    the 

'  Am.  Jimr.  St-i.,  *th  series,  Vol.  VI,  IWi.  |i,  W. 
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iliiiiiu>,  mill  w(»iil(i  iimkc  a  Hharyt  tind  iioarly  n-gular  cunlaci  with  tlie 
trrioiss.  TIh'  ooiitwt  witii  the  duiiiu^  wiinl<l  In-  in  Sdim-  plticiw  »h»rp 
luitl  ifyiilar  hikI  in  other  pla(.t.-H  vciy  irivfnilar,  ami  maKM-H  of  the 
coi-uriilum  would  jK^iietrntc  tho  dimite.  In  sonio  <-HSt'8  Ihcri'  would 
In-  a  s'lnu^what^cradunl  tmnHitioii  fn»iii  the  <-i)niiiduiii  tii  tlic  iK-ritiotite, 
as  ii-pri'seiited  in  Hg.  4.     The  mpid  onwiim  to  which  itxiks  in  a  inoiin- 
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lain  n'tri<iii  art'  siibjccli'd  would  n-adily  woar  llicin  ilow 
pri-spnt  condition,  n-pivfw-nt^'il  liy  Ilic  dolled  lines  in  lij:. 
Till"  coninduin  veins.  I,  li,  and  III,  in  fiy.  :t,  wliicli  al  1 
tinu'  liavi'  no  connortion  with  one  anotlnT.  I>ut  aii-  cai'li  sc 
diNtiiii-t,  wcreat  thctinii'of  tlii'ir  foi-mation  part  of  I  he  corn 
«fntrMl<tI  alon^  the  iMtrdcr  (if  tlu'  dnnitt-.  Sdhic  of  these  v 
Hull,  imj— 111 J 
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soon  l>e  worked  out,  while  others  might  be  explored  for  a  hundred  or 
more  feet  without  any  apparent  change  in  their  width. 

The  most  important  observations  leading  to  the  adoption  of  this 
theory  are:  The  occurrence  of  the  corundum  surrounded  by  granular 
dunite  and  also  by  serpentine;  its  oc*currenee  with  and  surrounded 
by  spinel;  the  sharp  contact  between  the  gneiss  and  the  altera- 
tion products  of  the  contact  vein;  the  development,  on  both  sides  of  a 
corundum  vein  i)enetrating  dunite,  of  the  same  sequence  of  alteration 
l)roduc*ts,  which  are  almost  identical  with  those  on  the  dunite  side  of 
a  eontact  vein;  the  usual  narrowing  and  pinching  of  the  dunite  veins, 
the  trend  of  which  is  toward  the  center  of  the  mass  of  peridotite,  while 
the  contact  vein  seems  to  extend  down  indefinitely. 

At  a  number  of  the  corundum  veins  in  these  peridotite  rcK^ks,  feld- 
spar, which  is  undoubtedly  one  of  the  original  minerals  of  the  rock 
and  not  a  secondary  product,  is  found  associated  with  the  corundum. 
There  is  a  marked  difference  in  the  associated  minerals  when  the  feld- 
spar is  present;  the  chlorite  is  not  so  thoroughly  developed,  and 
enstatitrC  is  not  so  common,  while  margarite  is  rather  abundant  and 
zoisite  is  not  uncommon.  These  last  two  minerals  are  rarely  met  with 
free  from  feldspar  in  the  corundum  veins. 

The  separation  of  alumina  from  these  peridotite  magmas  has  given 
rise  to  some  interesting  problems,  which  I  have  treated  in  a  paper ^ 
published  a  short  time  ago.  A  summary  of  the  conclusions  reached 
is  given  here,  as  they  bear  directly  upon  the  occurrence  of  the  asso- 
ciated minerals,  spinel,  chromite,  and  feldspar,  in  a  corundum  vein. 

From  what  has  been  observed  in  nature  and  from  the  experiments 
that  have  bt»en  made  in  the  laboratory,  it  seems  that  the  separation  of 
alumina  as  corundum  from  molten  magmas  is  dependent  upon  the  com- 
position of  the  chemical  compounds  that  ai'e  the  basis  of  the  magma, 
uiK)n  the  oxides  that  are  dissolved  with  the  alumina  in  the  magma,  and 
upon  the  amount  of  alumina  itself. 

1.  When  the  magma  is  composed  of  a  magnesium  siliciite  without 
exc<»ss  of  magnesia,  all  the  alumina  held  by  such  a  magma  will  sepa- 
rate as  corundum. 

2.  \V here  there  is  an  excess  of  magnesia  in  the  magma  j  ust  described, 
it  will  unite  with  a  poilion  of  the  alumina  to  form  spinel,  and  the  rest 
of  the  alumina  will  separate  as  corundum. 

3.  Where  there  is  chromic  oxide  present  in  a  magma  composed 
essentially  of  magnesium  silicate  (as  the  peridotite  rocks),  and  only  a 
very  little  alumina  and  magnesia  are  present,  these,  uniting,  separate 
with  chromic  oxide  to  form  the  mineral  chromite,  and  no  corundum 
or  spinel  is  formed. 

4.  When  peridotite  magnuus  contain,  besides  the  alumina,  oxides  of 
th<»  alkalies  and  alkali  earths,  as  soda,  potash,  and  lime,  a  portion  of 
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the  alumina  is  used  in  uniting  with  these  oxides  and  with  siliea  to 
fonn  feldspar. 

5.  There  is  a  strong  tendency  for  the  ahniiina  to  unite  with  the 
alkali  and  the  alkali-earth  oxides  to  form  double  silicates  like  feld- 
spars, whether  such  silicates  form  the  chief  minerals  of  the  resulting 
roifk  or  are  present  in  relatively  small  amount.  There  is,  however, 
little  tendency  for  the  alumina  to  unite  with  magnesia  to  form  double 
silicates  when  the  magma  is  a  magnesium  silicate. 

CORUNDUM   IN  BIOTITE,  CONTACT  ON  SAXONITE. 

At  the  asbestos  quarry  near  Pelham,  Mass.,  there  is  a  large  lens  of 
the  igneous  saxonite  variety  of  the  peridotite  rocks  pen<»trating  the 
acid  gneiss  of  the  country.  The  saxonite  is  very  much  altered  to  a 
depth  of  3  to  V2  feet,  when  the  hard  nearly  fresh  rock  is  (encountered, 
which  is  of  a  dull-black  color  and  is  made  up  of  grains  of  olivine  and 
the  orthorhombic  pyroxene,  bronzite.  The  black  color  of  tlu^  rock  is 
due  to  disseminated  particles  of  chromite  and  nmgnetitc.  J^irt  of  the 
magnetite  may  be  due  to  the  alteration  of  the  grains  of  olivine,  similar 
to  that  observed  in  the  d unites  of  North  Carolina,  where,  at  the  begin- 
ning of  its  alteration,  there  is  a  deposition  of  magnetite  in  fine  grains, 
which  forms  a  network  of  black  lines  often  outlining  the  grains  of 
olivine. 

Professor  Emerson  has  made  a  petrographical  examination  of  this 
rock  and  describes  it  as  follows :  ^ 

This  is  a  very  fresh  mixture  of  olivine  and  enstatite,  both  dusted  through  with 
black  ore,  largely  chromite.  It  is  a  dull-black  rock  of  very  great  toughness.  The 
olivine  grains  have  often  many  crystalline  faces.  The  enstatite  is  in  rare,  small 
platee,  with  parallel  sides  and  irregular  ends,  and  with  a  fine  wavy  lamination, 
which  is  often  marked  by  lines  of  black  ore,  generally  concentrated  in  some  part 
of  the  plate,  especially  the  center.  Although  nearly  colorless  or  pale  bronzy  in 
common  light,  it  has  marked  pleochroism.  It  is  plainly  rhombic,  and  grades  into 
the  asbestiform  decomposition  product  in  veins  running  through  the  section. 

None  of  the  anthophyllitc  that  is  so  abundant  in  the  decomposed 
porti<m  of  the  saxonite  wer<»  observed  in  the  fresh  rock. 

From  the  fresh  rock  to  the  surface  an<l  the  contact  with  tlie  gneiss 
the  saxonite  is  more  or  less  completely  altered,  and  jx^netrating  through 
this  there  is  a  network  of  veins  of  anthophyllite,  which  are  more  or 
less  asbestiform.  These  veins  varv  in  width  from  v<m-v  tliin  seams  to 
8  inches,  with  some  that  are  very  much  wider,  from  which  fibrous 
masses  have  been  obt^ained  lM)  t^o  ']()  inches  long.  It  is  these  veins  of 
fibrous  anthophyllite  that  constitute  the  asbc^stos  quarry  of  Pelham. 

The  saxonite  is  separated  from  tlie  gneiss  by  a  hand  cjf  bronze- 
colored  biotite,  usually  4  to  X  inches  thick,  hut  in  ])laccs  reaching  a 
thickness  of  4  feet.  In  this  wider  portion  then*  are  nodules  or  im- 
perfect crj'stals  of  corundum  of  a  grayish  color  mottled  with  blue. 
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Thase  are  often  wrapped  with  clilorite.  NixluleH  of  a  l>lac;k-green 
hornblende  and  an  emerald-green  actinolite  are  also  found  in  the 
biotite.     There  has  been  no  great  quantity  of  the  corundum  found. 

This  zone  of  biotite  is  pn>bably  the  result  of  contact  metamorphism 
of  the  saxonite  on  the  gneiss,  and  the  inclosing  corundum  was  formed 
at  the  same  time.  This  is  similar  to  the  large  quantity  of  corundum 
occurring  in  biotite  at  the  contact  of  saxonite  and  gneiss  at  the  Bad 
Creek  mine,  Sapphire,  N.  C.     (Se<»  page  Ol\  ) 

CORUNDUM    IN    ENSTATITE. 

Enstatite  is  rather  common  as  a  secondary  product  at  many  places 
where  the  corundum  occurs  in  peridotite,  and  is  thus  an  asscKMat^e  of 
corundum  at  these  localities.  Occurrence's  are  rare,  however,  of 
corundum  in  an  enstatite  that  is  the  original  rock.  Wliere  thus  found 
the  rock  is  made  up  chiefly  of  tlie  orthorhombic  pyroxene,  enstatite, 
in  bladed  interlocking  crystals  of  a  grayisli  color.  It  is  always  more 
or  less  decomposed  into  talc. 

At  the  Rattlesnake  mine.  Sapphire,  Jacrksou  County,  N.  C,  and  on 
the  West  Fork  of  the  French  Broad  River,  in  Transylvania  County, 
N.  C,  corundum  has  been  found  sparingly  in  the  bonlers  of  an  ensta- 
tite rock. 

Enstatite  rocks  are  somewhat  common  in  North  Carolina,  but  acces- 
sory minerals  in  them  are  rare,  and  the  most  common  one  observed  is 
chromite,  in  small  grains. 

'  CORUNDUM    IN    SERPENTINE. 

r 

At  a  nambier  of  peridotite  localities  in  North  Carolina  and  Geoi^a 
crystals  and  fragments  of  corundum  have  been  found  that  were  sur- 
loanded  liy  serpentine,  but  nowhere  in  this  southern  section  of  the- 
jieridotite  belt  has  corundum  been  found  associated  with  the  larger 
masses  of  seipentine.  In  Chester  and  Delaware  counties.  Pa./  there 
is  a  long  belt  of  serpentine  rocks,  part  of  which,  at  least,  have  l>een 
derived  from  peridotite  roc*-ks,  and  in  <*onnection  with  these,  in  the 
eastern  pbrt  of  Chester  County  and  the  western  part  of  Delaware 
CJounty,  corundum  has  l>een  found.  In  this,  as  in  the  ])eridotite,  the 
corundum  occui*s  near  the  contact  of  the  country  rock.  Considerable 
plagioclase  feldspar  is  associat-ed  with  the  corundum  in  the  vein  in  a 
manner  somewhat  similar  to  the  occurrence  of  thi.s  mineral  at  the 
Cullakeenee  mine,  Jiuck  Creek,  Clay  County,  N.  V,  In  the  South 
corundum  has  not  been  found  as  constantly  associated  with  the  ser- 
pentines as  it  is  with  the  peridotites,  but  chromite  is  found  very 
abundantly  with  many  of  them. 

Cutting  through  the  seri>entines  on  the  eastern  sloi)e  of  Spanish 
Peak,  Plumas  County,  C-al.,  are  white,  coarse-grained  dikes  composed 
of  corundum  and  oli^roclase. 
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CORUNDUM    IN    CHLORITE-SCHIST. 

resides  beiii^  as8ocirtte<l  with  chlorites  in  the  p)eridotites  jast 
described,  corundum  is  found  in  the  long  belts  of  chlorite-schist  that 
traverse  the  country  10  or  12  miles  southeast  of  Webster,  Jackson 
County,  X.  C.  These  chlorite  rocks,  which  sometimes  attain  a  width 
of  several  hundi*ed  feet,  are  traceable  for  miles  across  the  country. 
Almost  the  only  constituent  of  these  rocks  is  a  green  scaly  chlorite, 
though  sometimes  there  are  present  small  grains  of  feldspar,  and 
occasionally  needles  of  amphibole.  The  chlorite  is  in  small  scales, 
never  verv  coarse,  as  is  sometimes  the  case  in  the  zones  about  the 
peridotit^,  and  often  these  are  so  minute  as  to  give  the  rock  a  very 
compact  appearance. 

In  one  of  these  belts,  on  C'aney  Fork  of  Tuckasegee  River,  Jackson 
County,  N.  C,  corundum  is  disseminated  through  the  chlorite  in  small 
rounded  masses,  ranging  in  thickness  from  an  inch  to  minute  grains, 
and  there  the  chlorite  is  not  so  compact  as  elsewhere.  The  corundum 
is  usually  wrapped  with  a  white  coating  of  mica,  which  is  a  secondary 
mineral  derived  from  the  corundum.  The  mica  is  often  in  radiating 
scales  x)erpendicular  to  the  outer  surface  of  the  corundum,  and  while 
in  some  cases  it  is  very  thin,  in  other  cases  it  has  replaced  nearly  all 
of  the  corundum,  leaving  but  a  grain  of  that  mineral  in  the  center. 

CORUNDUM   IN  AMPHIBOLITE. 

The  occurrence  of  corundum  in  anipliilM)lite  is  important,  as  the 
large  deposits  of  emery  corundum  at  Chester,  Mass.,  are  found  in  this 
rock.  Under  the  head  of  amphibolite  are  included  all  those  rocks 
that  are  composed  entirely  or  chiefly  of  amphil)oles.  These  rocks  occur 
rather  widely,  including,  as  they  do,  those  of  Massachusetts,  Georgia, 
and  North  Carolina,  but  with  the  excejjtion  of  thos<»  that  contain  the 
emer>'  they  have  not,  up  to  the  ])res<»nt  time,  In^en  important  in  the 
production  of  corundum. 

Associated  with  the  peridotit<^  rocks  of  Clay  County,  X.  C.,  and 
the  adjoining  Towns  County,  Ga.,  are  dikes  of  amphibolite,  which  are, 
for  the  most  part,  betwe<m  the  peridotite  and  the  gneiss,  although  in 
some  places  they  cut  directly  across  the  i)cridotite  formation,  but  close 
to  the  contact  of  that  rock  with  the  gneiss.  These  dikes  vary  in  width 
from  25  to  over  3()0  feet,  their  average  width  l)eing  from  75  to  100  feet. 
The  relation  of  these  amphibolite  dikes  to  the  peridotite  format  ion  at 
Buck  Creek,  Clay  County,  N.  C,  is  shown  in  lig.  5. 

The  groundmass  of  this  amphibolite  is  a  grass-gre<»n  amphibole, 
containing  17  per  cent  of  alumina,  nearly  12  \wv  cent  of  lu\n\  and 
one-half  of  1  per  (*ent  of  magnesia,  which  is  best  classifi(Hl  under  the 
edenite  variety  of  aluminous  amphiboles.  The  rich  green  color  of  the 
edenite  is  undoubtedly  due  to  the  presence  of  a  small  amount  of  chro- 
mic oxide,  the  analysis  showing  the  presence  of  0.38  per  cent  of  this 
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oxide.  Many  minroscojiur  ^aiiiH  <»r  picDliU'  or  clii-Diiiit'^  arcseatlered 
through  the  KTOiiiidmaHS  of  the  wleniU-.  Thfrc  is  also  preHeiit,  in 
widely  varying  pro  port  ions,  tlic  plagioclaw  felilspar  aiiorlhit^.  Tlic 
feldspar  is  iioi  coiislant  in  all  of  tlio  aniphilMiliteH,  aud'wluTt;  it  does 
occur  it  varies  in  ni/^  from  minnto  part.iclos  to  iiiasst's  as  laif^e  as  a  {*ea. 
The  i-oc'k  has  often  a  verj'  strikingly  laminated  stnitttun-,  aud  grades 
from  that  to  one  which  shows  no  lamination  at  all.  It  is  exoeetlingly 
tough  and  vory  fine  grained.  The  connidum,  which  occurs  in  the 
amphibolil4'  as  an  aci-ess^iry  mineral,  varies  in  size  from  minute  parti- 
cles to  niaHNOs  several  inches  in  diameter,  in  wliioh  there  are  usually 
develoiHtl  parting  planes  panillel  to  the  unit  rhomlM>he(lron.  In  color 
it  varies  from  almost  white  to  a  deep  ruby  r)^d,  but  the  previiilin;;  color 
is  )i  deep  pink. 


Pio.  r. 


I  <:t  tht!  Buck  (Jreek  }> 


,  Hbowing  tba  rulatluu  of  ths  iiuipb1l>uUt«  Jlkea. 


On  account  of  the  exceeding  toughness  of  the  rock,  and  more  par- 
ticularly on  ac(H)unt  of  the  low  percentage  of  conindiim,  these  amphib- 
olites  ai-e  not  of  commercial  value  as  a  souixv  of  corundum;  they 
do,  however,  make  haiidsonie  mineral  specimens. 

On  the  eaatern  slope  of  the  Blue  Kidge,  in  the  vicinity  of  States- 
ville,  Iredell  County,  N.  C,  corundum  has  been  found  aasociated 
with  an  amphibohte  composed  of  a  dark-green  hornblende.  On 
account  of  the  Ihickneas  of  the  soil  and  the  depth  to  which  these 
rocks  have  been  decomposed,  there  ai-e  few  places  where  the  fresh 
rocks  are  exposed,  and  little  is  known  of  their  extent.  At  Hunters, 
7   miles  west  of  StAtesville,   the  amphibolite   was   exposed  during 
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exploiiition  for  eorundiini,  which,  accoriliii};  to  Lfwis,'  wi\s  found  Ui 
ut'Oiir  HI  tine  brown  vennii-ulit«,  dev^ioped  in  zones  hIoii;;  Ihc  iMirtli'rs 
of  sind  penetmting  the  iimpliibolite,  anil  varying  in  ihickncsts  fnini  a 
Ivv  incht'M  t<)  3  or  4  feet.  Fig.  0  is  an  ideal  ilhistratinii  of  tlie  oi'<riir- 
reiii-<-  of  carundnm  in  the  amphiholite  at  lIunt«rH.  In  tliiN  fl^iiiv,  ii 
represents  a  feldspar  vein  that  i«  sometimes  eiicoiinteix«l  in  the  midst 
of  the  vermieulites,  h;  the  feldspar  is  more  or  less  altered  to  kaolin, 
and  often  Iteant  eorundiiin,  although  most  of  it  was  found  in  Ihe 
verniieulite  zones.  Ii  represent*  the  vermieulitc  zones  carrying  the 
oorunduni,  whii^h  is  in  crystals  and  in  ronnded  inassesof  crystals  i-lns- 
tereii  together.  Margarit"  sometimes a<-eonii«iuies  it,  and  lrtr;re  masses 
nia<lc  up  almost  entirely  of  these  two  minerals  have  iM'cn  fonnd  (ni 
the  surface  in  this  region,  c  represents  radiating  bordei-s  of  actinolili' 
(hat  inehisc  large  masses  of  what  was  once  ainphiliolite,  Init  which 


Fla.  tL-  IdtMl  verlicM  < 

is  now  nothing  but  a  mass  of  ixfherous  ciay,  bearing  o 

of  hornblende  and  scales  of  vermiculite.     The  outer  portions,  '/,  are 

dark-green  amphibolite. 

CORUNDUM    (emery)    IN    A.MPHIBOLITE    AT    CHESTER,   MASS. 

The  most  widely  Ttnown  oi-currence  of  conindiini  in  amphitxtlite  is 
that  of  the  emery  at  Chester,  Mass.,  an  elalxtrate  description  of  ivhieh 
is  given  by  Prof.  B.  K.  Emerson '  in  liis  exhaustive  work  on  tin-  geol- 
ogy of  old  Hampshire  County,  Mass. 

Ezteading  almost  continuously  across  the  State,  mnth  and  south  of 
Chester,  there  is  a  band  of  amphibolite  that  is  conformable  through- 
out its  entire  extent  with  the  sericitic  schists  of  this  section  of  the 
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State.  The  strike  of  this  hand  of  amphibolite  is  (lei)eiulent  upon  the 
windings  of  the  schists,  and  it«  dip  is  approximately  90°.  It«  width 
will  average  only  a  few  rods,  but  in  the  vicinity  of  Chester,  a  few 
miles  both  north  and  south  of  tlie  town,  it  is  throe-([uarters  of  a  mile 
wide,  and  it  is  in  connection  with  this  broad  band  that  the  emery  is 
found.  It  occurs  on  the  eastern  side  of  the  amphil>olit4?  and  is  sep- 
arat-ed  from  the  sericitic  schists  by  a  narrow  band  of  amphibolite,  vary- 
ing in  width  from  an  inch  or  two  to  nearly  18  feet.  Sometimes  Ihei'e 
has  been  considerable  serpentinization  of  the  amphilwlite,  and  the 
emery  is  separated  from  the  schists  by  serpentine.  Across  the  West- 
field  River  from  the  point  where  the  emerj'  is  first  encountered,  the 
amphibolite  is  replaced  by  serpentine,  and  it  is  in  this  bed  of  serpen- 
tine that  crystals  of  this  mineral,  pseudomorphous  after  olivine,  are 
said  to  occur,  specimens  of  these  being  in  the  geological  collection 
at  Amheret  College. 

The  amphibolite  is  in  appearance  a  finely  laminaU^d  n)ck  made  up 
of  interrupted  thin  sheets  of  feldspar  grains  and  of  jet-black  needles 
of  hornblende,  and  usually  contains  more  or  less  green  epidote. 

The  sericitic  schists  on  the  west  of  the  amphibolite,  which  are 
descrilHjd  by  Professor  Emerson  under  the  head  of  the  '"  Howe  schist,"  ^ 
are  biotitic  and  feldspathic,  and  often  contain  garnets  that  are  more 
or  less  altered  to  chlorite.  The  schists  on  the  east  are  descril>ed  as 
the  "Savoy  schist,"^  and  are  chloritic  sericite-schists,  mostly  of  a 
light-gray  color,  with  a  shade  of  green,  due  to  the  chlorite  that  is  mixed 
with  the  muscovite.  When  the  chlorite  can  not  be  seen  with  the  eye 
it  is  readily  detected  under  the  microscope.  In  some  places  the  pro- 
l)ortion  of  the  chlorite  has  increasecl  until  there  are  considerable 
aggregations  of  this  mineral  ahmg  th<^  i) lanes  of  lamination.  Garnet 
and  pyrite  are  also  abundant  in  certain  portions  of  the  S(*hist. 

The  emery  vein  can  l>e  followed  for  a  distance  of  nearly  5  miles, 
starting  from  the  point  where  it  is  first  i^ncountenHl,  at  the  north  end 
of  the  broad  band  of  amphibolite,  on  the  left  bank  of  the  Westfield 
River,  just  above  the  railroad  bridge  of  the  Boston  and  Albany  Rail- 
road. The  general  strike  of  the  vein  is  a  little  east  of  south  and  runs 
for  the  most  part  parallel  to  the  line  of  conta(»t  of  the  ami^hibolite  and 
schist.  Emery  is  not  found  throughout  the  vein,  but  can  be  almost 
continuously  followed  by  means  of  streaks  of  chlorite.  The  vein 
varies  in  width  fmm  a  few  feet  to  10  or  12  feet,  the  average  width  of 
the  emery  being  about  6  feet.  Upon  both  sides  of  the  emery  there 
are  usually  developed  thin  seams  of  chlorite  varying  fn)m  1  inch  to  6 
inches  or  more  in  width.  During  the  early  history  of  the  mine  a  seam 
of  feldspar  was  encountered,  about  12  inches  wide,  lying  to  the  east 
of  the  emery  and  bordered  on  both  sides  by  chlorite  3  or  4  in(»hes  wide. 
There  is  also  more  or  less  chlorite  developed  in  the  mass  of  the  ore 
body,  which  varies  from  some  portions  that  are  an  almost  pure  mag- 
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netite  to  others  where  there  is  an  intimate  admixture  of  magnetite 
and  corundum.  At  the  Sackett  mine  (described  on  page  68)  the 
corundum,  of  a  bronze  color  and  luster,  is  coarsely  crystallized,  giv- 
ing the  ore  a  porphyritic  appearance.  Sometimes  the  corundum  has 
cr^-stallized  out  in  blue  and  white  crystals  and  in  masses  of  a  pound 
or  two  in  weight. 

ORIGIN   OF  THE  KMERY. 

It  is  a  perplexing  question  to  decide  from  the  examination  of  this 
and  the  surrounding  rocks  whether  the  amphibolite  is  of  sedimentary 
or  igneous  origin,  for  there  are  many  indications  that  point  to  one  and 
to  the  otlier.  It  is  not  improbable  that  some  portions  of  this  band 
of  amphibolite,  which  extends  across  the  State,  may  have  been  formed 
in  one  way  and  other  j)ortions  in  the  other.  Professor  Emerson  has 
examined  this  belt  of  rocks  for  ])ractically  its  entire  distance  across 
the  State,  and  while  he  is  inclined  to  consider  this  band  of  amphibolite 
of  sedimentary  origin,  he  does  not,  if  I  understand  him  correctly,  see 
anj^thing  antagonistic  to  the  view  that  at  least  a  portion  of  this  amphi- 
bolite is  an  intrusive  igneous  rock.  I  have  examined  only  that  por- 
tion of  the  amphibolite  adjacent  to  th(*  emery  vein,  and  from  my 
observations  I  had  come  to  the  conclusion  that  this  part  of  the 
amphibolite  band  was  an  igneous  rock  that  had  l)een  intruded  into 
the  schists  along  their  line  of  weakn<?ss,  and  that  the  magnetite  and 
emery  had  been  the  fii-st  minerals  to  separate  out  from  this  magma. 
The  reasons  that  have  led  me  to  this  conclusion  are  given  briefly 
below. 

The  posit icm  of  the  amphibolit-<s  with  a  dip  of  practically  IM)' ,  lying 
hetween  the  Howe  and  Savoy  schists,  whic'h  would  have  been  a  line 
of  least  resistance,  suggests  an  ign<»ous  origin.  What  seems  to  me 
opposed  to  the  acceptance*  of  a  sedimentary  origin  for  this  broad 
band  of  amphil}olite  is  the  separation  of  the  vein  of  eiiuM-y  and  mag- 
netite from  the  sericitic  schist  on  the  eartt  by  a  band  of  the  amphibolite 
varying  in  width  from  a  few  feet  to  IH  feet,  which,  as  l.ir  as  can  l)e 
judgcnl  superficially,  is  identical  in  <»very  way  with  the  aniphib()lite  on 
the  west  of  the  vein.  Vet,  if  the  amphibolite  and  emery  are  of  ignt»ou8 
origin,  it  would  naturally  be  expected  that  emery  would  occur  on  the 
west  side  of  the  amphibolite,  but  none  has  Ix^en  found  there,  although 
it  is  not  certain  that  it  does  not  occur. 

Only  a  small  amount  of  carbonates  has  been  found  in  connection 
with  the  amphibolite  and  emery — no  more  than  could  readily  be 
accounted  for  as  secondary  minerals. 

Then,  again,  chromite  has  been  found  in  connection  with  the  ser- 
pentine that  is  associated  with  the  amphibolite,  some  of  which  is 
undoubtedly  an  alteration  of  this  rock.  The  presence  of  the  chromite 
in  the  serpentine  is  to  me  a  very  good  indication  of  its  igneous  origin, 
and  its  being  the  alteration  product  of  a  basic  magnesian  rock.     This, 
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then,  would  iiidicato  the  existence  of  former  masses  of  a  basic  nia^- 
nesian  r(K*k  wliieh  liave  Ix^en  (*.hang(Ml  into  serpiMitine,  the  serpentini- 
zation  e(mt.inuin^  into  the  aniphilK)lite  for  some  distance. 

The  emery  is  not  continuous  ah)ng  the  strike  of  tlie  vein,  hut  occurs 
in  a  series  of  pockets  in  the  vein  that  dip  alH)ut  *Mf  to  the  north.  In 
going  from  one  pocket  to  another  along  the  strike  there  is  often  noth- 
ing to  indicate  the  vein  but  a  small  seam  of  chlorite. .  The  pcnrkets  are 
abnost  continuous  in  the  dir<M*tion  of  the  so-culled  dip  and  hohl  this 
dip  very  constantly. 

It  seems  to  me  that  this  porticm  of  the  ampliiboUte  band  was  an 
igneous  mass  intruded  after  the  format i(m  of  the  serieiti<»  schists, 
and  either  aft-er  or  at  the  time  these  schists  were  tilted  to  their  pivs- 
ent  position,  and  that  the  emery  l)ed  is  the  result  of  the  differentia- 
tion of  components  of  the  mass  that  were  held  in  solution  by  the 
igneous  magma. 

The  theory  that  Professor  Kmersou^  proposes  is  also  probable,  viz: 

*  That  the  emery-magnetite  vein  was  originally  a  deposit  of  limonite  which  was 
formed  by  the  replacement  of  limestone  and  into  wh.ch  alnminii  was  carried  by 
infiltratinK  solutions  and  deposited  as  allophane  and  gihbsite.  The  subsequent 
metamorphism  of  the  bed.  although  it  may  well  have  been  intimately  connected 
with  the  extremely  violent  mechanical  forces  to  which  the  strata  have  been  sub- 
jected, was  largely  completed  before  these  forces  ha<l  ceased  their  activity,  as  is 
shown  by  the  jointing  and  brecciation  of  the  magnetite  and  emery.  »  ♦  ♦ 
The  less  altere<l  ferruginous  limestone  below  was  changed  into  the  epidotic 
amphibohte. 

Many  point.s  that  can  be  noticed  support  this  conclusion,  but  these 
also  indicate  an  igneous  origin  for  the  amphibolite.  No  fresh  per- 
idotite  rocks  have  l)een  observed  in  this  se<»tion,  and  the  nearest  are 
probably  across  the  Connecticut  River  at  Pelham,  wiiere  an  igneous 
mass  of  saxonit^  is  encountered.  The  presence,  however,  of  chromite 
in  the  serpentine  associated  with  this  amphibolite  is  to  me  very  good 
evidence  for  believing  that  the  seri>entine8  have  an  igneous  origin, 
and  it  is  very  probable  that  they  are  alterations  of  former  masses  of 
an  intruded  peridotite. 

If  any  deep  mining  is  undertaken  on  the  emery,  new  evidence  may 
be  brought  to  light  that  will  determine  decidedly  what  may  have  been 
the  origin  of  these  amphil>olites  and  emery  deposits. 

CORUNDUM  IN  NORITE. 

In  the  vicinity  of  Peekskill,  Westchester  County,  N.  Y.,  corundum 
has  been  found  associated  nith  norit-es,  which  have  been  described 
by  G.  II.  Williams.'*  These  rocks  belong  to  the  Cortland  series,  of 
which  the  prevailing  rock  type  is  one  that  is  characterized  by  the 
presence  of  the  mineral  hypersthene.    But  though  this  mineral  is 
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thiM-e  SO  abundant,  a  normal  norite,  containin^j:  nothiuii:  but  a  pla- 
gioelase  feldspar  and  hypersthene,  is  extremely  rait*..  There  is  moi'e 
or  less  biotite,  hornblende,  or  au^te  dev<»loped  in  nearly  all  roeks  of 
this  class,  so  that  there  is  a  gradual  transition  from  normal  norite  to 
micii-diorite,  hornblende-diorite,  and  pvbbro.  The  intermediate  vari- 
eties are  much  more  eomnion  than  the  extremes,  and  thev  have  l)een 
classified  by  Williams  according  to  the  ])r(»vailing  nonfeldspathic 
mineral.  Where  hypei'sthi^nc^  prevails  tlu»  roeks  are  grouped  as 
norites,  l>eingsulKlivided  into  normal  norite,  horn(d)lende-norite,  mica- 
norite,  and  augite-norite,  a(*eonling  to  tlu»  presence*  of  th(»se  <lifferent 
minerals  in  the  rock.  These  so  grade  into  each  otluM-  that  no  sharp 
line  c^n  be  drawn  between  them. 

iVssociated  with  the  norites,  .5  and  \  mih»s  southeast  of  Peekskill, 
N.  Y.,  are  deposits;  of  nuignetit<^  and  emcM-y.  It  is  not  at  all  unlikely 
that  these  veins  are  the  produ<*ts  of  the  diflFerentiation  of  the  molten 
norite  magma,  by  which  tlu*  basic  [)ortion  of  the  magma  has  been  con- 
centrated near  its  out<»r  surfaces  a  gradual  transition  oc<nirring  toward 
the  C4»nt«r  to  the  more  aci<l  norite.  This  occurrence  would  be  similar 
to  that  of  the  pyrrhotites  which  havr  s<»j)arate<l  out  from  the  norites 
of  Norway,  as  described  by  \'ogt.'  In  that  case*  the  pyrrhotite  was 
concentrated  toward  the  bonier  of  the  norite,  and  there  is  at  some 
places  a  gradual  transition  from  th(»  pure  ijyrrhotite  through  a  pyrrho- 
tite-norite  to  the  pure  norite,  while  at  otlu»rs  there  is  a  sharj)  contact 
.betw(»en  them.  The  deposits  of  nmgnetite  and  emery  are  not  in  a  con- 
tinuous vein,  but  are  more  like  sc^gregated  masses.  Attempt  s  liave  lK»en 
made  to  work  these  for  both  iron  aiul  emery,  but  as  iron-ore  <l(»posit8 
they  were  soon  abandoned.  Thc^y  arr  still  l>eing  worked  to  a  c<»rtain 
extent  for  emery  by  the  Jackson  Mills  Company,  of  Easton,  Pa.;  the 
Tanite  Company,  of  Stroudsburg,  Pa.;  and  H.  M.  Quinn,  of  Philadel- 
phia, Pa.  An  examination  of  the  euKM-y  ore  by  J.  I).  Dana'*^  and  G.  II. 
Williams,^  has  shown  that  the  corundum  comp<ment  is  often  scattered 
rather  sparingly  through  the  ore,  and  what  had  formerly  been  sup- 
posed to  be  green  chlorite  was  found  to  be  the  iron-magnesian  spinel, 
pleonaste.  The  corundum  in  the  emery  varies  from  small,  colorless 
grains  to  crystals  7  mm.  in  dianu»ter,  which  show  a  he.vagonal  outline. 
In  other  parts  of  the  emery  tin*  corundum  grains  are  larger  and  of  a 
bluish  color. 

The  pleonaste,  which  is  so  commonly  associated  with  the  (»mery, 
has  l)een  found  at  the 'Cruger  ir<ni  mine,  in  the  eastern  part  of  the 
township,  as  veins  in  a  nearly  normal  norite,  into  which  it  passes  by 
gradual  transitions.  The  most  compact  specimens  of  the  ore  at  this 
mine  are  found  to  contain  tlu*  various  mineral  com[)onents  of  the 
norite,  i.  e.,  hypersthene  feldspar,  biotite,  and  garnet,  no  corundum 
having  been  observed  here. 


»  Zeitsc'br.  filr  Prakt.  GtK)l.,  Nos.  1.4, and  7. 18«}. 
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This  gradual  transition  of  the  pleonast^  and  iron  ore  into  ihe  nor- 
mal norit^  and  the  occurrence  of  the  norite  minerals  in  the  compact 
ore  are  strong  evidence  that  these  ore  iMKlies  were  formed  by  the  dif- 
ferentiation of  tlie  molten  norite  magma. 

In  the  vicinity  of  these  norit^s  there  are  small  masses  of  peridotite, 
but  no  corundum  has  been  fcmnd  asso<'iated  with  tliem. 

CORUNDUM  IN  BASIC  MINETTE. 

Near  the  entrance  of  Yogo  (tuIcIi,  in  Fergus  County,  Mont.,  two 
parallel  dikes  of  igneous  rock  have  been  observed  cutting  through 
the  limestones.  These  dikes  are  al)out  8()0  f^n^t  apart,  and  can  l>e 
followed  for  oyer  a  mile  in  a  nearly  east-wH*st  course.  Their  gen- 
eral w idth  is  from  0  to  20  feet,  but  tliey  are  occasionally  75  fiH»t  wide. 
They  are  much  decomposed  near  the  surfacte,  but  in  working  them 
for  the  sapphires  whicli  they  contain  the  nearly  unalter<»d  rock  has 
been  encountered. 

The  ro(»k  has  a  dark -gray,  decided  basic  apjiearance,  and  is  very 
tough,  breaking  with  an  uneven  fracture.  S<»attere<l  through  it  are 
light-green  and  white  fragments,  which  are  by  far  the  most  conspic- 
uous of  anj'  of  the  mineral  comi)onents  of  the  rock.  These  are  a 
pyroxene  that  is  more  or  less  decomposed  and  calcit4\  S(mie  of  these 
white  fragments  are  ])robably  the  barium  carbonate  witherite,  for  in 
the  concentrates  obtaine<l  from  washing  the  decomposed  portions  of 
the  dike  a  considerable  quantity  of  this  mineral  was  found.  Num- 
berless crystals  of  pyrite,  not  over  a  millim<»tcr  in  diameter  and  almost 
perfect  trapezohedrons,  wert»  also  found  in  these  concentrates.  A 
few  scattered  tal)h»ts  of  biotit<s  from  l*  to  .*{  mm.  in  diameter,  were 
observc^i.  The  sai)i)hire  variety  of  corundum  is  found  rath<*r  spar- 
ingly in  this  rock  in  well-formed,  flat,  tabular  crystals,  some  of  which 
arc  half  an  inch  in  <liam<»ter. 

Professor  Pirsson,of  tlu^  Shefti<d<l  Sci(»ntitic  School,  has  made  a  jiet- 
rographical  examination  of  this  rock,  and  descriln^s  it  as  follows: ' 

In  the  section  the  rock  at  once  shows  its  character  as  a  dark,  basic  lamprophyre, 
consisting  mainly  of  biotite  and  pyroxene.  There  is  a  little  iron  ore  present,  bat 
its  amount  is  small  and  mach  less  than  is  usually  seen  in  rocks  of  this  class.  The 
biotite  is  strongly  pleochroic,  varying  between  an  almost  colorless  and  a  strong, 
clear,  brown  tint.  It  occurs  in  ragged  masses,  rarely  showing  crystal  outline,  and 
it  contains  a  large  amount  of  small  apatite  crystals.  The  pyroxene  is  of  a  pale- 
green  tint,  with  the  habit  of  diopaide,  and  is  tilled  witu  many  inclusions,  now 
altered,  but  probably  originally  of  glass:  in  some  crystals  these  inclusions  are  so 
abundant  as  t(3Tender  the  mineral  (juite  spongy.  The  grains  sometimes  show  crys 
tal  form,  but  are  mostly  anhedral  and  vary  in  size,  though  the  evidence  is  not  suf- 
ficient to  show  two  distinct  generations. 

These  two  minerals  lie  closely  crowded  together,  and  no  feldspars  are  seen  in  the 
rock.  The  interstices  between  them  consist  of  a  small  amount  of  a  clouded ,  brown- 
ish, kaolin-like  aggregate,  which  appears  to  represent  some  former  feldspathoid 
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componeDt,  possibly  lencite,  perhaps  analcite.     -     -  Some  calcite  in  agglom- 

erated granules  is  also  seen  in  the  section. 

This  ealcite  does  not  appear  to  be  of  Heeondary  orifrin,  and  is  proba- 
bly due  to  fraj^ents  of  limestone  that  w(M*e  pic^ked  up  as  the  igneous 
mass  foreed  its  way  up  througli  tlie  liniest^)nes  and  were  converted 
into  calcite. 

As  has  been  indicat^^d  by  Professor  Pirsson  '  in  his  pa[)er,  the  amount 
of  biotite  in  this  rock  shows  that  it  is  closely  related  to  tlu*  niinettes, 
and  altlunigh  it  is  lacking  in  feldspar  it  has  tlie  biotite  and  pyroxene 
of  these  rocks.  It  is  a  more  basic  type  of  tliese  and  is  also  similar  to 
the  shonkinites  from  the  Ilighwood  Mountains,  Montana,  described 
by  Weed  and  l^irsson.^ 

The  sapphires,  whicli  are  all  of  some  shade  of  blue,  occur  but  rarely 
in*  tlie  rock,  and  from  their  sharj),  distinct  cr^'stals  and  their  gcMieral 
distribution  it  is  v(?rv  (evident  that  they  haye  (»rystallized  out  of  the 
molt-en  magma  at  the  time  of  its  intrusion,  similarly  to  <'rystals 
of  feldspar  in  pori)hyry.  The  alumina  of  the  sapphires  wjis  not 
an  original  constituent  of  the  magma,  but,  as  has  been  shown  b}" 
Pirsson,^  was  due  t<)  in(»lusions  of  clay  sediments  taken  up  from  the 
strata  through  which  it  passeil.  The  13elt  formation,  consisting  of 
clay  shales  of  great  but  unknown  thickness,  undoubtedly  underlies  the 
limestones,  and  the  included  fragments  of  these  shales  w<M-e  the  source 
of  the  alumina  of  the  sapphii*es.  These  included  fragments  would  be 
dissolved  by  the  molten  magma  and  thus  form  local  areas  that  would 
l>e  very  rich  in  alumina.  As  the  magma  began  to  cool  corundum  crys- 
tals would  separate  out  in  these  alumina-rich  areas. 

CORUNDUM   IN   ANDESITE. 

The  occurrence  of  corundum  in  andesite  in  th<»  Hn it cd  States  was 
first  described  by  Kunz.  '  He  described  a  dike  of  andesite  at  liuby 
Bar,  near  Eldorado  Bar,  on  tlie  3lissouri  liiyer,  12  miles  northeast  of 
Helena,  Mont.     As  descril>ed  by  him,  this  rock  is  in  a  dike  cutting  the 

# 

slates  of  the  country  and  is  a  yesicular  mica-augite-andesite,  which 
is  made  up  of  a  groundmass  of  feldspar  microlitc  and  a  brownish 
glass,  in  which  are  many  ])articles  of  biotite  and  crystals  of  augite. 

A  similar  occurrence  has  been  obsei-ycd  by  myself  on  th(»  river  1) 
miles  aboye  Eldorado  Bar,  at  French  Bar,  whicii  is  nearly  VI  miles 
due  east  of  Helena.  At  this  locality  a  imrrow  dike,  W  to  n  feet  wide, 
was  found  cutting  through  the  slates  of  this  section.  Th(»  trend  of 
the  dike  is  N.  5""  to  10°  E.,  and  it  dips  about  45"*  K.  It  was  encountered 
by  miners  who  were  working  the  gravels  of  the  bar  for  sap[)hires,  and  it 
has  been  exjwsed  at  Imt  one  point,  so  that  its  ext(»nt  is  not  known. 


»  Am.  Jour.  Sci.,  4th  series.  Vol.  IV,  ls»7,  p  4:5i. 
«  Idem.  Vol.  I,  IHft.*,  p.  Itt7. 
»  Idem,  Vol.  IV,  1897,  p.  423. 

*  Idem,  Vol. IV,  18»7. p. 418;  Min.Mag..Vol.  IX,  1891, p. 396;  Seventeenth. Eighteenth,  Nineteenth, 
Twentieth  Ann.  Bepts.  U.  S.  Oeol.  Survey. 


30  CORUNDUM    IN    THE    UNITED   STATES.  [bull.  180. 

The  rock  is  fiuit  jcrained,  of  a  rather  light-gray  c«k>r,  and  a  decided 
basic  appearance.  Biotite  is  the  most  conspicuous  mineral  and  occurs 
in  small,  flat,  tabular  i)latcs,  sometimes  with  distinct  cryst-al  outline, 
and  up  to  a  millimeter  or  two  in  diamet<»r.  In  some  si>ecimens  of  the 
rock  there  are  nodules,  5  to  10  mm.  in  diameter,  that  appear  to  be 
partially  de(H)miK)se<l  feldspar.  The  augit<s  whicli  is  prominent  in 
the  thin  section,  is  not  very  apparent  in  the  hand  siKJcimen. 

Prof.  L.  V.  Pii'sson,  of  Yale  University,  has  kindly  examined  thin 
sections  of  this  rock  forme  and  says  that  tlu^  rock  is  an  altered  augite- 
mica-syenite.  It  contains  unaltered  phencwrysts  of  a  (*lear  l)rown 
biotite  which  are  wvll  crystallized  and  which  sometimes  show  slight 
resorption.  It  also  contains  pluMiocrysts  of  augit^e  of  a  pale-brown 
color,  variable  in  size,  the  largest  i'  mm.  across,  replaced  in  the  majority 
of  cases  by  pseudomorphs  of  calcite.  Besides  this  pseudomorphous 
calcite  there  is  also  a  considerable  amount  of  this  mineral  in  irregular 
masses  or  streaks,  which  may  in  part  be  the  filling  of  steam  i>ores  and 
in  part  be  pseudomorphous  after  hornblende;  this,  however,  could  not 
be  definitely  determined.  The  minerals  just  mentioned  are  embedded 
in  a  groundmass  of  a  brown  glass  which  is  everywhere  speckled  and 
dott-ed  with  microlites  of  a  lath-shaped  plagiodase  feldspar.  These 
are  small  and  somewhat  altered,  so  that  their  determination  is  not 
entirely  satisfactory,  but  they  appear  to  1m»  oligoclase. 

The  rock  is  thus  porphyritic,  and  the  structure  of  the  ground- 
mass  is  typical  for  the  hyalopilitic  structure  of  Rosenbusch.  In  many 
respects  it  closely  resembles  the  augite-porphyrite  of  Weiselbei'g, 
weiselbergite.^ 

One  featuix^  that  is  brought  out  in  the  thin  sections  is  the  s<mie- 
what  laminated  charaeter  of  the  rock  in  one  direction,  while  in  the 
slide  cut  at  right  angles  to  Ihis  a  well-characterized  flow  structure  is 
observed,  all  the  longer  ax<\s  of  the  minerals  pointing  in  one  direction. 
This  indicates  movcMnents  of  flowing  lava  after  the  components  had 
formed. 

The  corundum  crystals  occur  very  si)aringly  in  thl3  rock,  and  those 
that  wcM'c'  observed  were  not  so  shar[)  and  distinct  as  the  blue  sap- 
phires. 

I  could  obtain  no  <lefinii.e  information  regarding  the  location  of 
Ruby  Bar  and  no  one  of  the  bars  is  now  called  by  that  name.  It  is 
possible  that  the  bar  described  by  Kunz  is  the  same  as  the  one  now 
known  as  French  Bar.  From  the  description  given  of  Ruby  Bar,  it 
is  apparently  not  so  far  up  the  river  as  French  Bar. 

CORUNDUM    IN    SYENITE. 

On  a  higli  foothill  IxMween  (iallatin  and  Madison  rivei-s,  in  Gal- 
latin C'Ounty,   Mont.,  corundum  has  been   found   in  a  roitk  that  is 
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composed  essentially  of  orthoclase  feldspar,  corundum,  and  biotite, 
with  the  feldspar  predominating.  This  would  classify  the  rock  as  a 
corundum-bearing  biotite-syenite.  The  rock,  for  the  most  part,  l\as 
H  somewhat  gneissoid  structure,  and  in  these  portions  tin*  corundum 
is  more  or  less  finely  divided,  l)eing  in  fine  grains  and  small  crystals. 
In  other  portions,  where  the  corundum  is  coai-sely  crystallized,  the 
rock  has  something  of  a  pegmatitic  character,  and  the  corundum  is 
surrounded  by  the  orthoclase.  The  crystals  of  i'orunduin  vary  in  size; 
the  largest  ones  are  1^  inches  long  and  from  a  ([uarter  to  a  half  an 
inch  in  diameter.  They  an*  fairly  well  deyeloped  in  the  prismatic 
zone,  but  many  of  them,  especially  the  larger  ones,  are  rounded.  In 
color  they  vary  from  bluish  gray  to  almost  colorless.  The  perc(Mitage 
of  the  corundum  in  the  rock  is  large,  and  from  a  superficial  (examina- 
tion it  could  be  compared  to  the  percentage  of  ([uartz  in  an  average 
granite.  The  biotite  is  in  sum  11  tablets,  without  definite  <*rystal  out- 
line, and  the  tablets  are  often  so  arranged  as  to  give  th<»  ma.ss  of  the 
rock  its  gneissii*  apjiearance.  The  orthoclase^  did  not  show  any  crystal 
outline  even  in  the  larger  fragments. 
This    occurrence   of    corundum   was   discovcM-iMl    by    Prof.    F.    W. 

« 

Traphagen,  of  Bozeman,    3lont.,  to  whom    I    am    indebte<l    for   the 
specimens. 

From  the  appearance  of  the  hand  specimens,  this  oc(*urrence  of 
corundum  is  similar  to  that  in  thesyejiite  of  Ontario,  C-anada,  recently 
described  by  Blue^  and  Miller.^ 

CORUNDUM  IN  AMPHIBOLE-SCHIST. 

At  the  Sheffield  mine,  in  Cowee  Township,  Macon  County,  X.  C, 
corundum  has  been  mined  in  a  saprolitic*  rock  at  yarious  times  Cora 
number  of  years.  In  a  shaft  sunk  to  determine  tli(»  d(»pth  <►!'  the 
corundum-lK»aring  saprolite,  solid,  unaltered  rock  was  encountered. 
The  shaft,  which  was  S7  feet  dee]),  passed  through  the  following  rocks: 
The  first  12  feet  ('/)  was  through  the  saprolite,  in  which  there  were 
seams  of  kaolin;  the  next  2  feet  (/;)  were  corundum  iH^aring.  From 
14  to  -8  fe(»t  {(')  the  same  sai)rolite  was  encounteriMl;  the  next  2  feet 
{(I)  were  corundum  lK»aring,  followed  by  10  feet  (r,  :{()  to  40  feet)  of 
the  saprolite,  and  2  more  feet  (/)  that  W(»re  corundum  b(»aring.  From 
42  14)  O.'J  feet  (y)  the  rock  l)egan  to  be  less  decomposed,  an<l  from  0*3  to 
00  feet  (h)  another  seam  of  corundum-bearing  rock  was  (Micountered. 
From  this  point  to  tlle  bottom  of  tlu»  shaft  th(»  rock  l)(^canie  more  and 
more  solid,  until  at  77  feet  (/)  the  fresh  rock  was  (encountered.  These 
various  seams  in  th(»  rocrk  an*  very  pronounce<l.  They  dij)  'M>  toward 
the  west  near  the  toj),  but  become  nearly  horizontal   near  the  bottom 


•  TraiM».  Am.  Inst.  Min.  En^-,  V^<»1.  XXVIII,  INUS,  p.  TiiVi,  and  R«»i)t.  Bumiu  of  MinoH.  Ontario, Vol. 
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of  the  8haf t.  The  seams  of  decomixwed  feldsi)Hr  observed  in  a  become 
less  and  less  kaolinized,  until  in  /  the  seams  are  of  pure  plagioclase 
feldspar.  In  /  there  are  two  neams  of  corundum  .similar  to  h,  J,  and  /, 
although  in  the  fresh  I'ock  the  corundum  seams  are  not  as  pronounced 
as  in  the  saprolitic  rock.  There  is  often  a  considerable  amount  of 
feldspar  bordering  the  seams  of  the  corundum.  The  general  trend  of 
the  rock  is  about  N.  5"  to  10°  E. 

From  what  could  be  seen  of  the  solid  and  the  sapi-olitic  rocks,  it  is 
evident  that  the  corundum  occurs  at  intervals  in  the  rock  in  seams  a 
few  feet  in  width.  While  the  corundum  may  comprise  10  per  cent 
or  more  of  these  veins,  the  amount  in  the  rock  that  it  would  be  neces- 
sary to  mine  would  probably  not  be  over  a  few  per  cent.  The  actual 
width  of  the  dike  is  not  known,  but  the  saprolitic  rock  has  been  cut 
across  for  about  100  feet  in  a  direction  nearly  at  right  angles  to  its 
strike. 

The  fresh  rock  at  the  bottoni  of  the  shaft  is  somewhat  varied  in 
appearance,  and  while  it  does  not  show  any  definite  gneissoid  struc- 
ture, it  sometimes  clost^ly  resembles  it.  There  are  streaks  in  the  rock 
a  few  inches  thick,  the  more  finely  divided  portions  of  which  are  dis- 
tinctly gneissoid. 

Some  portions  of  the  rcK^k  are  decidedly  porphyritic,  and  contain 
phenocrysts  of  a  light-gray  amphibole,  a  centimeter  in  diameter,  in  a 
groundmass  of  feldspar.  A  large  part  of  the  rock  is  made  up,  how- 
ever, of  small,  roughly  outlined  prismatic  crystals  of  an  amphibole, 
probably  hornblende,  and  irregular  fragments  of  plagioclase  feldspar. 
The  hornblende  is  almost  black  in  color,  but  in  thin  splinters  it  has  a 
bronze  luster  and  a  deep  resinous  color.  Biotite  of  a  deep-brown  color 
occurs  sparingly,  and  a  pink  garnet  is  rather  abundant.  This  part  of 
the  rock  has  a  gneissoid  structure  and  contains  the  corundum.  The 
corundum  is  of  a  light  to  a  purplish-pink  color  and  occurs  in  nodules 
up  to  2  or  3  cm.  in  diameter.  Some  streaks  in  the  rock  are  highly 
garnetiferous,  ('omposed  essentially  of  the  garnet  and  plagioclase 
feldspar  or  of  garnet  and  biotite.  Chalcopyrite  occurs  very  spar- 
ingly in  these  portions  of  the  rock.  Small  particles  of  graphite  have 
been  observed  in  the  coai*sely  crystallized  portions. 

Professor  Pirsson  has  kindly  made  a  microscopical  examination  of 
this  i-ock,  the  results  of  which  are  emboilied  in  the  following  para- 
graphs: 

In  thin  section  the  microscope  disclosed  the  minerals  hornblende,  plagioclase 
feldspar,  garnet,  biotite,  muscovite,  staurolite,  and  rutile.  Hornblende  is  the  most 
common,  forming  about  two-fifths  of  the  section,  while  of  the  remainder  plagio- 
clase and  garnet  occur  in  about  equal  quantities  and  the  others  in  comparatively 
insignificant  amounts. 

The  hornblende  is  formless,  but  tends  to  irregular  columns,  almost  invariably 
extended  in  the  plane  of  schistosity.  It  has  very  rarely  a  somewhat  stringy  tend- 
ency in  its  cleavage,  but  is  usually  homogeneous  in  broad  plates.  Its  color  is  a 
clear  olive  brown,  and  it  is  somewhat  pleochroic,  but  not  strongly  so.     It  is  every- 
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where  dotted  by  the  small  grains  of  garnet,  which  rarely  show  good  crystal  form. 
The  garnet  occurs  as'  ociated  also  with  the  plagioclase. 

The  plagioclase  occurs  twinned  according  to  the  albite  law  only.  In  sections 
perpendicular  to  010  the  lamellie  show  extinction  as  great  as  30  ,  and  the  plagio- 
clase is  therefore  rich  in  lime  and  as  basic  as  Jabradorite,  which  it  probably  is. 
It  shows  strong  evidence  of  shearing  movement  in  the  rock ;  it  is  often  broken, 
exhibits  rolling  extinction,  and  the  albite  lamelUe  are  curved  and  bent.  It  runs 
along  the  planes  of  schistosity  between  the  feldspars  and  forms  a  mosaic  of 
angular  broken  grains. 

Staurolite  was  found  in  rather  broad,  irregular  grains,  and  rutile  in  small, 
irregular  grains  and  well- crystallized  prisms. 

Professor  Pirsson  has  indicated  that  the  eharaeter  aud  structure  of 
this  rock,  composed  chiefly  of  amphibole,  lahradorite,  and  garnet, 
suggest  most  strongly  that  it  is  a  metamorphosed  igneous  rock  of  the 
gabbroid  family.  During  metamorphism  the  augite  of  the  gabbro 
would  l>e  converted  into  the  brown  hornblende;  any  iron  ore  that  was 
present  would  be  taken  up  by  the  hornbh»nde  and  garnet.  The 
rutile  would  have  resulted  from  the  titanic  acid  that  is  a  regular  com- 
[)onent  of  the  iron  ores  in  these  gabbro  or  diabase  rocks.  Staurolite 
is  a  mineral  that  would  be  rather  naturally  expected,  as  it  is  usually 
a  mineral  of  metamorphism,  and  its  natural  home  is  in  tlie  schistose 
rocks.  The  feldspar  has  suffered  the  least  (except  the  corundum) 
chemically,  and  shows  only  the  shearing  of  dynamic  processes. 

The  corundum  does  not  occur  in  crystals,  but  in  small  fragments 
and  in  elongated  nodules,  which  are  cra(*ked  and  sean'ied  and  api)ear 
to  have  been  drawn  out  by  the  shearing  processes.  The  geni^ral 
character  and  shape  of  the  fragments  of  corundum  would  indicate 
that  tliey  were  original  constituents  of  the  igneous  rock  and  were  not 
formed  during  its  metamorphism. 

Tlie  exact  classification  of  this  rock  is  not  easy,  but  it  is  ])robably 
an  amphibole-schist. 

CORUNDUM    IN    GNEISS. 

Corundum  has  Ix^en  f<mnd  in  North  (yarolina  in  the  ordinary  gneiss 
of  the  siime  belt  of  crystalline  rocks  in  which  the  peridot  ites  occur. 
A  number  of  occurrences,  part  of  which  nuiy  be  corundum  in  gneiss, 
are  descrilxnl  under  the  head  of  mica-schist ;  some  of  tlie  rock  that 
was  at  fii*st  thought  to  be  a  gneiss  is  now  known  to  be  a  ([uartz-scliist. 

In  the  eastern  part  of  Clay  County,  N.  C,  on  the  soutlu^rn  slope  of 
(iross  Ridge  of  the  Chunky  Gal  Mountains,  just  above  Thumping 
Creek,  corundum  has  been  found  in  the  gneiss  at  a  number  of  points. 
The  rocks  are  so  covered  with  soil  and  decomposed  rock  that  the 
exact  relation  of  the  corundum-bearing  gn<»iss  to  tlu^  normal  gneiss 
can  not  lx>  det-ermined,  but  fnmi  what  can  be  seen  the  former  api)cars 
to  l)e  in  narrow  bands  cutting  through  the  latt(»r.  In  structure  the 
gneiss  is  distinctly  laminated  and  very  fine  grained,  except  the  i)or- 
tions  immediately  surrounding  the  corundum,  where  its  constituents 
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ai'e  much  uiore  coarsely  (iryntallized,  OHpocially  the  biotite.  It  is  a 
hornblende-gneiss,  showing  but  little  mica  except  where  associated 
with  the  corundum. 

The  corundum  occurs  in  nodules  and  crystals,  half  an  inch  and 
smaller  in  diamet^er,  sometimes  wrapped  with  muscovite  in  a  manner 
similar  to  that  described  for  the  corundum  in  the  chlorite-schists 
(p.  21).  The  crystals  are  prismatic,  with  the  length  of  tlie  prism 
usually  two  or  three  times  its  diameter.  Occasionally  they  are  very 
flat,  with  the  prism  not  over  a  quarter  of  an  inch  in  length  and  half 
an  inch  in  diameter,  and  from  their  appearance  these  crystals  are 
known  locally  as  "button"  corundum. 

This  occurrence  of  corundum  in  gneiss  is  in  no  way  associate  with 
the  peridotite  rocks  of  this  section  of  the  (country.  It  is,  however, 
very  similar  to  the  occurrence  of  corundum  in  quartz-schist  described 
below.  None  of  the  peridotite  rocks  in  which  the  corundum  is  so 
commonly  found  in  this  section  of  North  Carolina  have  been  found 
associated  with  these  bands  of  gneiss. 

CORUNDUM    IN    MICA-SCHIST. 

It  has  recently  been  observed  that  j)(>rtioiis  or  bands  of  tlie  crystal- 
line rocks  of  the  southwestern  part  of  North  Carolina  and  the  north- 
eastern part  of  Georgia  are  corundum  bearing.  The  composition  of 
these  rocks  varies  from  those  that  are  a  normal  gneiss  to  those  that 
cont'ain  no  feldspar  and  can  best  be  descrilxnl  as  quartz-schist  com- 
posed of  biotite,  mica,  and  (juartz.  Some  portions  of  the  rock  are 
rich  in  garnet,  others  are  almost  entirely  free  from  this  mineral,  and 
occasionally  there  are  also  small  bands  of  whiU^  quartzite.  The  rocks 
are  distinctly  laminated  and  are  frequently  intersected  by  grahitic 
dikes,  some  of  which  are  coarsely  crystallized  and  of  a  pegniatitic 
character.  These  dikes  are  often  parallel  with  the  bedding  of  the 
schists,  although  many  of  them  cut  irregularly  through  them.  Where 
these  dikes  are  parallel  to  the  bedding  of  the  schists,  the  laminated 
structure  of  the  latt^jr  is  much  more  apparent.  The  general  strike  of 
these  crystalline  rocks  is  al)out  northeast  to  southwest  and  the  dip  is 
about  30"  NW. 

Poi-tions  or  bands  of  these  schists  are  corundum  bearing,  but  they 
are  irregularly  defined  and  gradually  merge  into  the  normal  rock. 
They  have  a  similar  relation  to  the  normal  schists  as  the  garnet-bearing 
bands  of  a  gneiss  to  the  normal  gneiss  in  which  they  occur.  These 
bands  are  not  veins  in  any  sense  of  the  word,  but  are  simply  i)or- 
tions  of  the  same  mass  of  crystalline  rocks  in  which  corundum  occurs 
as  a  constituent  of  the  rock.  They  vary  in  width  from  a  foot  or 
two  to  12  or  15  feet,  but  in  these  wider  ones  the  corundum-bearing 
portion  is  not  continuous  and  is  intercepted  by  streaks  of  barren  rock 
and  granitic  dikes.  The  bands  can  be  traced  for  a  distance  of  5  or 
6  miles  in  a  northeast-southwest  direction,  sometimes  outcropping 
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continuously  for  nearly  a  mile.  There  are  at  least  two  of  these  eorun- 
duni-bearing  bands  which  are  paralh^l  to  each  other  and  about  2  miles 
apart.  The  only  variation  that  has  been  ol)S(M-ved  in  them  is  in  the 
percentiige  of  corundum  and  garnet;  otherwise  they  are  identi(»al. 
The  amount  of  conindum  is  never  larger,  and  from  determinations 
made  on  samples  fi*om  various  parts  of  the  deposits  it  will  not  average 
over  4  or  5  per  cent. 

The  corundum  occurs  for  the  most  j)art  in  small  particles  and  frag- 
ments that  have  no  regular  shape  and  are  of  a  gray,  white,  and 
bluish-white  color  or  almost  colorless.  It  is  also  in  crvstals  which 
vary  in  size  from  some  that  are  very  minute  to  some  that  are  2.V  inches 
long  and  about  one-half  inch  in  diameter,  and  which  are  usually  fairly 
well  developed  in  the  prism  zone. 

It  is  probabh*  that  these  schists  are  the  result  of  tlu*  metaniorphism 
of  sandstones  and  shales  formed  from  alluvial  cb^posits  many  thou- 
sand feet  in  tliickness  tliat  were  once  tin*  IhmI  of  the  (>ct»an.  By  lat- 
eral comj)ression  thes(»  have  been  folded  and  raised  into  the  mountain 
ninges  of  this  region.  That  tlu^se  have  been  much  higher  than  at 
the  present  time  is  v^ery  evident  from  the  gran  it  ic  diktvs,  which  ai*e  of 
deep-seate<l  origin.  Uy  decomposition  and  erosion  the  mountains 
have  been  worn  down  to  their  present  condition,  thus  exposing  the 
schists  in  cxmtact  with  the  gi-anitic  dikes  which  have  aided  in  their 
thorough  metiunorphism.  The  shales  were  rich  in  alumina,  and  dur- 
ing their  metamorphism  the  excess  of  the  alumina  crystallized  as 
corundum  along  the  planes  of  lamination,  so  that  during  tin*  subse- 
quent weathering  the  corundum  has  been  h'ft  in  knotty  nodules,  stud- 
ding the  surface  of  the  rock  and  giving  it  the  appeai'anc(»  of  containing 
a  liigh  ptM'centage  of  the  mineral. 

Genth'  has  described  an  occurrence  of  <*oi-undum  in  Patrick  County, 
Va.,  al>out  2  miles  from  Stuart,  where  it  has  been  found  in  the  mica- 
schists  on  a  knob  of  Bull  Mountain.  These  schists  nvv  talcose  and 
chloritic^  in  character  and  are  intersecttMl  by  a  number  of  granitic 
dikes.  The  portions  of  the  schists  in  which  the  coi-undum  occurs  are 
gneisHoid  in  charact^M*.  This  occnrrenc(»  is  decidedly  ditleivnt  from 
that  in  Clay  County,  N.  C,  and  more  like  the  corundum-bearing 
schists  near  the  headwatei's  of  Caney  Foi-k  of  Tuckasegee  liivt^r,  in 
Jacks(m  County.  The  schists  are  in  ratluM'  narrow  bands  that  can 
be  followed  for  some  distanc'c  across  the  county.  TIh'v  ai'e  not  true 
chlorite-schists  like  those  described  on  page  lM,  but  are  nmdi^  uj) 
largely  of  an  elastic  mica  (probably  muscovite)  with  some  chlorite. 
The  corundum  occurs  in  rough  crystals  and  nodules  up  to  1  inch  in 
length  and  half  an  inch  in  diameter,  of  a  grayish-white  to  white  color 
and  colorless.  It  is  readily  cleaned,  and  tests  made  upon  the  cleancnl 
product  show  that  it  is  w^ell  adapted  for  the  manufacture  of  the  vitri- 
fied wheel. 
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CORUNDUM  IN   LIMESTONE." 

Extending  from  Byrani,  Sussex  County,  N.  J.,  to  Warwick  Town- 
ship, New  York,  a  distance  of  about  25  miles,  there  is  a  belt  of  lime- 
stone having  a  general  northeast-southwest  strike,  which  widens 
out  toward  its  northern  end.  About  1S28  a  si>ecimen  of  sapphire 
corundum  was  found  at  Franklin  Furnace  in  a  detached  piece  of 
rock  composed  essentially  of  feldspar,  and  although  search  was  made 
no  more  specimens  were  found  in  this  vicinity.  A  few  years  later 
sapphire  corundum  was  found  in  Newton  Township,  about  6  miles 
from  Franklin  Furnace,  emlx^dded  in  a  feldspar  and  partly  surrounded 
by  a  carbonate.  This  occurs  near  the  contact  of  the  limestone  with 
the  granitic  rocks  of  this  section,  and  it  is  very  evidently  the  result 
of  contact  metamorphism.  Dana  reports  the  occurrence  of  sapphire 
corundum  in  these  limestones  near  Newton  and  Vernon,  Sussex 
County,  N.  J.,  and  near  Amity,  Orange  County,  and  Crugers  Station, 
Westchester  County,  N.  Y. 

Prof.  W.  P.  Blake ^  has  described  the  occurrence  of  red  sapphire 
corundum  in  the  white  crystalline  limestones  in  Vernon  Township, 
Sussex  County,  N.  J.  The  finest  specimens  were  ruby  red  in  color 
and  the  others  were  of  various  sha<les  of  purple.  The  crystals  were 
translucent,  but  no  transparent  ones  were  observed.  They  wei*e 
eml)edded  in  the  limestone  and  it  is  not  improbable  that  crystals 
may  occur  in  the  similar  rocks  of  the  Jidjoining  counties  of  New  York. 

The  New  Jersey  occurrences  seem  to  be  well  authenticated,  but 
those  from  New  York  are  not.  In  the  report  of  the  New  York  St^ite 
Museum  for  1895  on  the  mineral  resources  of  the  State  there  is  no 
menti(m  of  the  occurrence  of  corundum  at  this  locality,  and  in  the 
report  for  181)8  it  is  stated  that  no  sapphire  corundum  is  found  in  the 
State. 

CORUNDUM   IN  CYANITE. 

The  occurrences  of  corundum  associated  with  cyanite  are  quite 
widespread,  and  at  times  there  are  large  masses  of  cyanite  in  which 
are  numerous  hexagonal  crystals  of  corundum.  At  Litchfield,  Conn.,' 
a  mass  of  cyanite  containing  crystals  of  a  dark,  grayish-blue  corundum,- 
which  was  said  to  have  weighe<l  1,500  pounds,  was  found.  Large 
masses  of  cyanite  have  l)een  found  at  various  points  in  North  Caro- 
lina in  which  there  were  well-developed  crystals  of  corundum. 

All  the  occurrences  that  have  been  noted  have  been  from  surface 
specimens,  and  the  rocks  in  the  vicinity  have  always  been  either  schiii^ts 
or  gneisses.  It  is  without  doubt  in  connection  with  these  rocks  that 
the  cyanite  and  corundum  originated.  I  do  not  believe  that  the  cyan- 
ite is  usually  an  alteration  product  of  the  corundum,  as  has  been  sug- 
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gested  by  Genth/  but  that  they  wei'e  both  formed  during  the  meta- 
morphism  of  the  rocks  from  whieh  the  schists  and  gneisses  have  been 
derived. 

SUMMARY  OF  CORUNDUM  OCCURRENCES. 

From  the  facts  presented  in  the  preceding  pages,  the  occurrences 
of  corundum  are  seen  to  be  of  much  greatiM*  variety  than  was 
formerly  supposed.  While  the  large  concentrated  masses  are  still 
confined  to  the  basic  magnesian  rocks,  corundum  is  scattered  in  small 
amount's  through  a  numlxM*  of  other  rocks,  and  in  the  aggregate  is  in 
very  large  quantity. 

Of  the  igneous  magmas  there  nn}  two  that  are  very  distinct  from  each 
other  and  that  can  be  designated  as  the  lime-magnesia  and  the  alka- 
line series.  In  the  tirst  the  mineral  components  of  tlie  rock  are  fi'ee 
from  alumina,  and  where  there  has  been  alumina  in  solution  in  the 
molt^tMi  magma  it  has  all  separated  out  either  as  corundum  or  spinel. 
In  the  second  series,  however,  it  is  only  the  excess  of  alumina  that 
has  sei)arated  out  as  corundum,  by  far  the  larger  pei'centage  having 
united  with  the  alkaline  oxides  to  form  a  feldspar.  In  all  the  occur- 
rences that  have  been  examined  this  phenomenon  has  l>een  constant. 

It  is  very  evident  that  there  are  magmas  that  contain  an  excess  of 
alumina  just  as  there  are  magmas  with  an  exccvsss  of  silica,  and  it  is 
evident  that  the  alumina  separates  out  as  (»orundum  in  the  same  man- 
ner that  silica  separates  as  quartz  in  granitic  rocks. 

DISTRIIIirTION  OF  COUrNDIIM. 

Most  of  the  corundum  that  has  becMi  mined  for  abrasiv<^  purposes 
has  been  obtained  from  the  eastern  i)art  of  t h(^  Unitc^l  States,  and  has 
been  found  associated  with  the  long  belt  of  basic  magnesian  rocks 
extending  from  Massachusetts  to  Alabama.  It  is  in  tlu^  southern  por- 
tion of  this  belt,  in  North  Carolina  and  Georgia,  that  these  rocks  have 
their  greatest  extent,  and  it  is  in  this  region  that  the  greatest  quantitj^ 
of  corundum  has  been  found.  During  the  past  few  years,  however, 
North  Carolina  is  the  only  State  that  has  produced  any  corundum  and 
Massa<^.husetts  and  New  York  tlu;  only  ones  that  have  produced  any 
emery. 

While  the  production  of  corundum  has  been  limited  almost  entirely 
to  one  locality  in  North  Carolina,  it  is  not  Ix^cause  this  is  the  only 
known  deposit  of  this  mineral  in  quantity,  but  because  the  better 
deposits  have  not  been  worked.  The  emery  deposit  that  has  proved 
of  the  most  economic  importance,  and  which  has  produced  practically 
all  the  emery  mined  in  the  United  States,  is  at  Chester,  Mass.  The 
amount  of  corundum  that  has  been  mined  during  the  past  year  is 
very  much  less  than  the  amount  of  emery,  although  its  market  value 
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18  twice  that  of  the  emery  and  there  is  a  lar^e  demand  for  a  well- 
cleam»d  commereial  product.  There  are  a  number  of  reasons  for  this 
condition:  the  bett(»r  deposits  liave  Ikm^u  so  controlled  and  tied  up 
that  they  could  not  be  worked,  an  imperfectly  cleaned  product  has 
been  put  on  the  market,  and  other  minerals  have  been  substituted  for 
this  one. 

It  is  still  too  soon  to  predict  to  what  extent  recent  discoveries 
of  corundum  in  Canada  and  India  will  add  to  its  production.  Some 
of  the  Canadian  deposits  in  Ontario  were  granted  by  the  government 
to  the  Canada  Corundum  Company,  Limited,  of  Toi'onto,  and  this 
company  began  extensive  oiK»rations  on  the  dei)osits  at  the  l)eginning 
of  190().  This  corundum,  which  occurs  in  a  syenite  similar  to  that 
described  on  page  30,  has  been  thoroughly  tested  and  has  given  fairly 
satisfactory  results.  The  reports  of  the  bureau  of  mines  at  Toronto 
show  that  this  ore  carries  14.7  per  cent  of  corundum  and  that  a  very 
clean  product  is  obtained.  If  the  ore  from  this  extensive  Canmlian 
bed  continues  U)  carry  so  large  a  percentage  of  the  mineral,  can  be 
readily  cleaned,  and  shows  good  abrasive  <iualiti<^s,  this  <leposit  should 
play  an  important  part  in  the  world's  production  of  corundum  (see 
page  88). 

The  India  corundum  otuMirs  at  Pipra,  South  K<»wah.  It  is  pink  in 
color,  with  a  fine-grained  massive  structure,  and  very  tough.  It  is 
reported  that  there  is  an  unlimited  supply  of  this  material,  and  it 
has  already  l)een  used  in  this  country  in  th(»  manufacture  of  certain 
oilstones  (see  page  81)). 

In  the  following  dtvscriptions  of  local iti(»s  those  that  contain  sap- 
phires are  first  taken  up,  tln^n  the  corundum,  an<l  hist  the  emery. 

SAPPHIRE    OR    CORUNDUM    GEMS. 

The  properties  of  a  mineral  that  <let(»rmin(»  its  rank  as  a  gem  ai'e 
hardness,  color,  rarity,  index  of  refraction,  and  lust(^r.  As  an  illustra- 
tion of  the  extent  to  which  the  hardness  affects  the  value  of  a  min- 
eral for  gem  purposes,  sphalerite  might  be  cited.  This  mineral,  which 
has  an  index  of  refraction  and  a  luster  not  far  below  that  of  the  dia- 
mond, has  a  hardness  of  only  3.5  to  4,  which  effectually  cuts  it  off 
from  being  a  gem  mineral. 

Corundum  has  properties  that  place  some  of  its  varieties  among 
the  most  valuable  gems.  With  the  exception  of  the  diamond,  it  is  the 
hardest  mineral  known,  and  the  rarity  and  color  of  the  ruby,  the  red 
corundum,  has  made  that  gem,  when  more  than  a  carat  in  weight, 
more  valuable  than  a  diamond  of  corresponding  weight.  Corundum 
has  been  found  in  almost  all  the  colors  of  the  rainbow,  and  in  the 
following  list  its  gems  have  been  classified  according  to  color.  They 
are  very  often  designated  by  the  prefix  ''  oriental,"  to  distinguish  them 
from  gems  of  the  same  name  whose  mineral  composition  and  character 
ai'e  entirely  different. 
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Saj)ji)iin'  or  contiidnjn  (jtntiH, 

<^rienta1  or  true  ruby. . .  .  _ Reil  of  various  shades. 

Oriental  sapphire. Blue  of  various  uhadeH. 

Pink  sapphire -    Rose  or  pink. 

White  sapphire < 

Diamond  spar .      )  ^^orle^s. 


Opaline 

Girasol    I- Pale  blue  or  bluish  white. 

Hyaline 

Oriental  amethyst      Purple. 

Oriental  emerald Green. 

Oriental  topaz Yellow. 

Star  sapphire         \ 

Chatoyant    ■-  Opalescent. 

AHteria ... ) 

« 

Thi*  gems  occur  in  tlie  mines  in  thi*cc  forms:  Firat,  hs  crystnls,  of 
whicli  there  ai*e  two  (Ustinct  forms,  (1)  hexagonal  prisms  terminated 
by  rhombohedrons  an<l  pyramids,  sometimes  with  Imsjil  plane,  the 
hii'gcM*  crystals  l>eing  often  roundtnl  or  harrcl-shaixHl,  and  (2)  flat, 
tabular  crystals,  wh(»r<»  the  basal  plane  is  v<'ry  largc^ly  developed; 
second,  as  transparent  colored  i)oHions  of  larg(*r  massivt*  pieces  of 
corundum;  third,  as  ikmUUcs  of  fin<M*  and  clearer  material  in  a  mass 
of  cleavable  corundum,  oft<»n  havini^  the  ap])earancc  of  rolle<l  i)eb])le8 
when  separat^nl  from  t.h(»  mass  of  corundum. 

ORIENTAl.    RUBY. 

The  most  important  of  the  sapphire  g(Mns  is  th<^  ori(»ntal  ruby,  which 
varies  from  rose,  pinkish,  dark-red,  and  purplish  to  pigeon-blood 
ecdor,  the  most  liighly  prize<l.  The  rubies  an*  very  lik(»ly  to  be  flawetl, 
and  when  examined  many  of  the  cut  stones  are  found  to  contain  ilaw^s 
of  one  character  or  anoth(»r.  The  stones  an*  often  so  cut  that  these 
flaws  are  distinguishable  only  by  the  aid  of  a  magnifying  glass. 

The  finest  rubies  of  pigeon-bhuxl  color  an*  thos<»  found  in  tlu*  Mogok 
district,  about  90  miles  north-northeast  of  Mandalay,  in  ui)per  l^urma. 
Small  but  fine  rubies,  oft<'ii,  liowev(M*,  of  a  pink  color  or  a  purplish  tint, 
are  found  at  Ratna|)Oora,  in  Ceyhm,  and  of  a  dark-nnl  color,  similar  to 
that  <»f  a  gariH»t,  in  Siam.  The  rubies  of  the  lUirnui  district  are  found 
in  situ  in  limestones,  but  the  mining  is  contine<l  almost  entirely  to  the 
gravels. 

At  the  Corundum  Hill  mine,  Cullasage<»,  X.  C-.  (se<»  des<*ription, 
page  55),  various  shades  of  gem  ruby  coi'undum  have  been  found. 
Two  of  the  ])est  rubies  of  goo<l  color  that  have  ever  lK»en  found  at 
this  mine  an?  in  the  colh»ction  of  Clarence  S.  I>ement,  of  Philadel- 
phia; there  are  also  a  numlK»r  of  fine  ones  in  the  rnited  States 
National  Museum  at  Washington.  Many  of  the  snuiller  crysUils  of 
various  shades  of  pink  to  red  an^  transparent  n(»ar  the  outer  surface 
and  near  their  extremities,  and  from  these  small  gems  can  be  <*ut,  but 
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fow  that  aro  woiili  §100  have  b(H»ii  obtainiMl  from  tlieiii.  These  smaller 
crystals  are  usually  well  developed  aii<l  hav<»  a  el(»an-(*ut  fomi.  The 
faees  commonly  devehiped  on  thcjse  an*  t  li<»  has(s  ^>  ^^^1  >  the  unit 
l^rism,  m,  lOlO;  the  unit  rhomlx)hedron,  r,  loll,  and  the  p}Tamid,  n, 
2L*4:i,  more  rai*ely  observed. 

The  North  Carolina  lo<*ality  for  corundum  gems  which  at  tlie  pres- 
ent time  is  attracting  the  most  attention  is  the  tnu*t  of  laud  between 
the  Coaler  Fork  of  Cowee  Creek  and  Mason  Branch,  tributaries  of  the 
Little  Tennessee  River  J  This  tract  is  situat<Hl  in  Afaoon  County, 
alnu>st  0  miles  l)elovv  (north  of)  the  town  of  Franklin.  The  nearest 
railroad  staticm  is  J)ill8l)oro,  Jackson  County,  on  the  Southern  Rail- 
way, about  \2  miles  to  the  east.  The  bottom  of  the*  valleys  are  about 
2,5CK)  feet  above  sea  level,  and  the  mountain  p(?aks  or  knolm  in  the 
immediate  vicinity  rise  to  a  height  of  .*{,(KX>  or  .*],;")( K)  feet. 

In  the  gravels  of  Caler  Fork  VaUey  pieces  of  crystals  of  red  eoinin- 
dum  were  picked  up  by  the  people  of  the  district,  which  led  to  the 
driving  of  two  or  thiv.e  tunnels  with  the  expectation  of  striking  the 
vein  and  finding  the  corundum  in  sufticient  <iuantity  for  commercial 
purposes.  Work  in  this  direction  was  soon  aban<loned,  and  for  a 
number  of  years  there  were  only  prosiK»cting  and  a  little  mining  for 
the  red  corundum  for  gem  purposes. 

Systematic  search  was  made,  which  n^vealed  tlu^  fact  that  ruby 
corundum  was  to  be  found  in  th<»  gravt^ls  of  Caler  Fork  Valley  for  a 
distance  of  ^]  miles.  In  1S05  the  Anu^rican  Prosp<»cting  and  Mining 
Company,  of  New  York,  l)oughtont  th<M>l<l  claims  and  began  work  on 
a  systematic*  basis.  The  projuu'ty  owned  by  the  company  is  a  large 
tract  on  both  sides  of  Cah»r  Fork  of  Cowee  Cre(*k  and  n(»arly  all  the 
land  in  the  northern  i)art  of  ihv  watershed  of  Mason  Branch,  a  total 
area  of  alM>ut  r),0(K)  acres. 

Th(»  gravels  in  which  most  of  the  rubies  have  been  found  ai'e  cov- 
ered by  soil  av(»raging  about  2  feet  in  depth,  but  varying  fnmi  1  to  5, 
and  they  are  about  3  fec^t  higher  than  the  i)resenl  alluvial  gravel  of 
the  stream.  PI.  II,  A,  is  a  view  of  one  of  the  gravel  beds  that  is 
being  worked  for  rubies,  just  west  of  the  company's  office.  The 
gravel  in  this  part  of  the  valley,  which  is  overlain  with  3  to  5  feet  of 
soil,  is  composed  of  waterworn  masses  of  (juartz  and  small  pebbles  of 
gneiss  and  quartz,  an<l  is  mu(*h  (»leaner  in  appearance*  than  the  gravels 
a  mile  farther  up  the  cn^ek,  at.  In  Situ  Hill,  where  most  of  the  mining 
was  carricnl  on  <luring  189S.  Fifty  fe(»t  above  the  level  of  this  gravel 
another  bed  was  discovered  at  In  Situ  Hill  wiiich  carrw*d  ruby 
corundum. 

In  washing  these  gravels  for  the  rubies,  hydraulic  processes  have 
been  used  very  similar  to  those  used  in  the  West  in  washing  gold- 
bearing  gravels.  All  the  soil,  as  well  as  the  gi'avel,  is  washed  into  a 
short  line  of  sluice  boxes  {a  of  PI.  II,  B)  wiiich  lead  into  a  large  sieve 
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box  (6  of  PL  II,  B)y  where  the  large  pieces  of  roi^k  and  lK)wlder8  are 
removed  and  most  of  the  dirt  and  fine  gravel  is  washed  out.  They 
are  then  shoveled  into  a  rocker  (c  of  PL  II,  B),  where  they  are  further 
cleaned  and  concentrated,  the  final  concentration  of  the  rubies  being 
done  by  hand. 

No  basic  magnesian  rocks  or  serpentine  derived  from  them,  in  which 
most  of  the  corundum  of  North  Carolina  occurs,  have  lx»en  fov.nd  in 
this  valley.  Corundum  Hill  and  the  EUijay  corundum  n»gi<ni  ai*e, 
however,  less  than  10  miles  to  the  south. 

Although,  in  numy  resi)ect8,  the  (K*currence  of  the  rubies  and  their 
assoc*iate  minerals  in  the  Cowee  Valley  is  similar  to  th(»  occurrence  of 
the  ruby  in  Burma,  no  limestone  has  l)e(»n  found  near  the  alluvial 
deposits,  the  nt^arest  point  at  which  limestone  has  been  found  being 
at  Cullowee  Gap,  abcmt  S  miles  to  the  southeast. 

The  country"  ro<*k  of  the  district  is  a  gneiss,  of  a  gray,  fiiu^-grained 
variety,  which  has  a  great  many  small  gariu^ts  dissemiimted  through 
it.  The  rock  for  the  most  part  is  in  a  highly  decom^iostHl  condition, 
but  thei-e  an*  small  exix)sures  of  the  undecomposed  rock  in  many 
phices.  The  gi'avels  in  which  the  rul)ies  are  found  rest  on  a  soft  rock 
known  as  saprolite,  which  is  the  result  of  weathering  of  the  basic 
silicate*  rocks  in  place.  Hy  means  of  shaft^s  and  the  workings  at  the 
gravel  washings  it  luis  Iwen  shown  that  at  a  depth  of  35  fe(»t  or  more 
these  siiprolitic;  i*ocks  contain  fragments  of  tlie  unch^composed  rock 
and  pass  into  such  rocks  as  (»clogite-amphib<)lite  and  a  hornblendic 
gneiss. 

A  narrow  dike  of  hornblen<lic  e<*l()gitt^  a  f(»w  feet  in  width  is 
exposed  near  the  present  workings  of  the  (*ompany  and  can  be  tra<?ed 
for  al)out  100  yanls. 

No  rubies  have  been  found  in  the  un<l(^compostMl  rock,  but  at  In 
Situ  Hill  snmll  rubies  of  a  rather  pale  color  were  found  in  a  luirrow 
band  of  siiprolitic  rock.  This  band  was,  howev(»r,  cut  oil  by  slick- 
enslides  so  that  it  could  not  be  followed  in  any  dir<»ction.  There 
are  four  parallel  slickenslides  that  have  teen  exposed  at  one  place  in 
the  workings,  the  general  direction  of  the  slides  being  N.  75°  K.  Some 
of  these  are  70  feet  in  length  and  of  unknown  depth.  It  is  very  evi- 
dent that  tln^re  has  been  a  great  deal  of  disturbance*  in  this  immediate 
vicinity  througli  the  breaking  of  the  rock  masses  by  faulting,  the 
ready  influx  of  water  having  caused  the  reduction  of  th<^  rocks  to 
their  siiprolitic  conditicm. 

In  washing  the  gravels  and  masses  of  saprolite,  masses  of  unde- 
composed rock  have  been  uncovere<l,  and  in  th(»  center  of  these 
nodules  of  the  pure  hornblende  rock  have  Ium^u  found.  The  sai)rolit-e 
bordering  these  nodules  often  contains  particles  and  crystals  of 
corundum. 

Less  than  2  miles  to  the  east  of  In  Situ  Hill,  bt^yond  Bettys  Gap  of 
the  Cowef"!  Mountains,  corundum  of  a  gray  to  bluish  color,  but  liighly 
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crystallized,  has  Imh*ii  found  in  hornblondt^-^neiss.  C)nfMnile  a  little 
north  of  west,  at  the  Sheffield  mine,  pink  eorunduni  has  Innni  found 
in  ainphibole-schist  (see  pages  31  and  58). 

An  associatitni  of  corundum  pi^culiar  to  this  locality  is  with  the 
garnet,  rhodolite.  Corundum  and  garnet  occur  not.  only  constantly 
together  in  the  sapi*olitic  material  and  in  the  gravels,  but  corundum 
crystals  have  been  found  that  l)ear  the  impression  of  the  garnet.  l>y 
means  of  wax  a  mold  was  taken  of  these  impressions,  and  they  wei'e 
shown  U)  be  either  the  d<Kl(»(»ah(Hlron  or  traix^zohedron.  Then  ag<ain 
some  of  the  ruby  crystiils  when  broken  are  seen  to  have  a  garm»t 
inclosed,  and  the  garnet  can  ofti^n  1m»  siH^n  in  the  transpan»nt  rub3' 
crystal  and  the  cut  gem. 

As  has  lK»en  said,  th(?re  is  no  limest4>ne  in  this  immediatt*  vicinity, 
and  thes(^  rubies  were  pi'obably  derived  from  an  amphibolite  or  edo 
gite.  Tht^  usual  flat  tabular  form  of  the  crystals  is  one  that  seems 
tolK^  characteristic  of  the  gem  (M)rundum  \y\wn  found  in  igneous  rock. 

The  (-owee  C-reek  rubies  freciuently  (*ontain  inclusions,  some  of 
which  are  ver}'  minute,  known  to  jc^welers  as  '^silk,"  and  thes(»  give 
rise  to  a  <^loudiiu»ss  or  shecMi  in  the  ]>olishe(l  g(Mn.  Rutile  and  m(»nac- 
canite  ofttMi  occur  in  the  rubies  and  greatly  mar  their  l>eauty  aiul  value. 
Some  gems  that  were  3  or  4  carats  in  weight  have  bcn^n  cut,  which 
were  fre<^  from  inclusions,  of  tine  color,  and  transpan^nt.  A  gn^at 
man}'  smaller  ones  have  Ihmmi  cut  that,  an^  perfect  gems.  In  color  and 
brilliancy  th<»se  gems  are  eciuai  to  the  lUirma  ruby,  and  if  the  per- 
centage of  the  unrtaw(Ml  transparent  material  in<*reases  but  little  this 
new  ti<»ld  will  Im»  a  worthy  rival  to  th(^  Hurnia  ti<»ld. 

A  considerabhj  per(M»ntag<*  of  the  transparent,  material  is  often  very 
badly  flawed  by  cracks  due  to  parting,  and  b}- th(^  inclusions  of  rutile 
or  incMiaccanitc,  so  that  the  iH-rcentage  of  perf(»ct.  stone  from  this 
mine  is  small.  This,  ho\vev<»r,  is  true  of  the  rubies  from  the  Burma 
fteld,  for  a  larg<^  proportion  of  the  rubies  ou  the  market  to-day  are 
usually  more  or  less  flawc^l  with  the  parting  crai^ks. 

The  pl(M)chroism  exhibited  ])y  the  ( -owc^e  rubi<»s  is  very  marked,  some 
of  tliem  Innng  a  very  rich  pigeon-])lood  red  in  the  direi^tion  of  the  ver- 
tical axis — that  is,  looking  down  upon  the  basiil  plane — and  changing 
to  an  almost  pinkish-white  t'olor  when  viewed  at  right  angles  to  this 
or  looking  through  the  prism.  The  pleochroism  which  nearly  all  the 
deep-colored  varieties  of  corundum  gems  exhibit  is  one  of  the  means 
of  identifying  a  corundum  gem;  this  often  interferes  with  the  cutting. 

The  ruby  crystals '  from  the  C-owee  Valley  show  a  very  wide  varia- 
tion in  their  development.  .Vlthough  many  of  the  crystals  are  so 
striated  that  no  crystallographic  measurements  were  possible  on  the 
reflecting  goniometer,  the  faces  were  readily  identified  by  means  of 
the  contact  goniometer.     On  some  of  the  crystals  the  faces  were  bright 
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and  smooth,  niakhig  thorn  well  adapted  for  ineasiiroiiieut  on  the 
reflecting  ^onioinett»r.     These  eryst^iLs  are  shown  on  PI.  III. 

In  the  crystals  exaunined  two  common  habit-s  were  noti(^ed;  one  is 
shown  in  fiji^H.  1  and  2  of  PI.  Ill,  and  is  a  combination  of  the  base  c 
(O(X)l)  and  the  unit  rhoml)ohedi-on  /(loTl);  the  other  is  represented 
by  figs.  3-0  of  PI.  Ill,  where  tlie  prism  a  (1120)  i^j  very  prominently 
develop(Hl.  The  rhombohcdi'al  crj'stals  vaiy  from  those  in  which  the 
b^iseand  the  rhonilK)he<in)n  are  disproinn'tionati^ly  dcvelope<l,  the  base 
having  a  diameter  of  12  mm.  and  the  rhombohedron  of  only  1.5  mm., 
to  some  (fig.  I  of  PI.  Ill)  in  which  tli(»  ba.se  and  the  rhombohedron 
are  nearer  one  siz<\  The  majority  of  th(\se  crystals  liavc,  however, 
the  base  more  largely  developed,  thus  giving  the  (*ryslals  a  flat,  tabu- 
lar ap]H>iirance.  This  rhombohedral  development  is  very  similar  to 
tlie  saippliires  from  Yogo  (tuIcIi,  Montana,  described  on  page  .^2.' 

On  some  of  the  prismatic*  crystals  the  prism  renchc^s  a  length  of 
nearly  l/i  mm.  in  the  direct icm  of  th<w axis, and  has  the  rhombohc»dron 
/•  but  slightly  develoiK*d  (tig.  .>  of  PI.  Ill),  whil<»  on  others  the  x>rism 
is  very  short  and  th<»  rliomlN>hedron  Is  som(»timt»s  wanting,  as  repre- 
sento<l  in  figs.  4  and  5  of  F^l.  ill. 

Anot]i(»r  habit  of  thest*  crystals  is  shown  in  figs.  7  and  S  <»f  PI.  Ill, 
whei-c*  the  pyramid  //  (2243)  is  w(»ll  d(»v(»lop(^d.  This  face  was  identi- 
fied by  nutans  of  the  conta<*t  goiiiomct.<M*,  the  mcasuretl  angles  ai>prox- 
iniating  closely  to  those  c^ilculated.  The  usual  form  of  these  crystals 
is  shown  iii  tig.  7  of  PI.  HI,  where  the  faces  r  ((KM)1),  a  (1120),  /'(lOll), 
and  //  (2243)  an*  nearl}'  e<jually  <lev<doj)<Ml.  On  some  <»f  the  crystals 
the  prism  is  very  prominent,  being  s  mm.  in  h'ligth  in  th<»  dire(»tion  of 
the  ('  axis,  while  tht»  pyrami<l  is  only  1..")  mm.;  on  r)th(M*s  thc>  pyramid 
is  only  very  slightly  <lev(5loi)ed.  A  few  crystals  wen*  cxamineil  which 
showed  only  tln^  pr<»s(uice  of  the  base,  th(^  rhombohedron,  and  tlu^  pyra- 
mi<l,  as  repres<»nt<3<l  in  fig.  S  of  PI.  III.  The  crystals,  ni<»asuring  up 
U)  7  mm.  in  <liam<'ter,  w(»r(»  <loubly  t^M'ininatxMl  and  n(»arly  i)erfe<ft  in 
their  <lcveh)i)ment. 

The  cryst.5ils  r<»pr(^s<Mit<Ml  by  flg.  7  r)f  PI.  HI  hih*  similar  t.o  those 
described  by  Hau<M*^  from  the  Burma  (list  rict,  and  an*  almost  i<h'ntical 
in  form  with  tin*  sapphire  crystals  figurcMl  by  me,  from  Kmerald  Bar, 
(■anyon  Ferry,  Meagher  (-ounty,  Mont.  (p.  oO). 

Although  both  the  ba.sal  and  rhombolH^lron  i>lancs  are  very  often 
striat^Kl,  it  is  only  on  the  basal  planes  that  the  st.riations  an*  sharj)  and 
distinct  and  c^n  be  mcjisured.  Th<i  striat  ions  are  parallel  to  the  three 
intersections  of  the  base  r  and  the  rhombolu»dron  /•  as  shown  in  lig.  5 
of  PI.  III. 

A  very  (*oinmon  development  that  was  noticed  on  nearly  all  tln^  flat 
rhomlH)h<Mlral  crysl^ils  and  on  many  of  the  prismatic  crystals  is  a 


'  A1jh>  Am.  Jour.  S<i.,  4th  HMrifs,  Vol.  IV,  1«»7,  p.  4'ii. 

>NeueM  Jahrbuch  fUr  Min.,  Oeol.,  iind  Pal..  Vol.  XI,  iHMi,  p.  'Jiw. 


46  CORUNDUM    IN    THK    UNITED    vSTATEft.  lBui.ul8a 

iniiierul  that  is  inclost^d  in  tlie  sappliires,  which  iiiU»i*se<*t  encli  other  at 
untitles  of  60",  and  form  a  "s*igc»nit(»  web"  <»r  Hiuiilar  Htrueture. 

On  many  of  tlie  corundnm  crystals,  esiKM*ially  of  the  sapphire  vari- 
ety, eoncentrie  hexaj^ons  were  obw^rved  on  th<5  basal  plane,  as  repre- 
sent-ed  in  ^g,  7.  The  edges  of  the  lu^xagon  are  parallel  to  the  edges 
of  the  prism  faces  onto  base,  and  th(^  plaiu^  of  the  hexagon  is  parallel 
to  the  base.  In  a  few  of  tJie  transi)ar(»nt  crystals  this  hexagon  was 
observed  as  a  web  in  the  midst  of  the  (*rystal,  the  plane  of  the  web 
being  parallel  to  the  biisal  plane. 

ORIENTAL   SAPPHIRES. 

The  finest  sapphires  that  an^  known  an*  found  in  Burma  and  C-eylon, 
and  have  the  rich,  deep-bhn*  color  for  which  the  oriental  stone  is 
noted.  Sapj)hires  of  a  ri(»h,  velvety  blue  and  some*  v(M'y  g<MHl  stones 
of  a  light^^r  color  have  ])een  obtaiined  from  Simla  l^ass,  in  tlM»  Hima- 
laya M<mnt4iins.  Siam  has  also  pr<Mluced  some*  sapphires  of  very 
gooil  color.  The  sapphire  corundum  from  Australia  is  generally  of 
an  op;Miu<»,  milky-whit (^  color. 

NORTH    CAROLINA    SAPPHIRKS. 

No  corundum  gi^ns  wen^  found  in  the  Uuilt»d  Stat^^s  until  the 
opening  of  th(»  Corundum  Hill  corundum  mine  at.  CuUasagee,  Maccm 
County,  N.  C.,  in  IS71.  This  (M)rundum  is  mined  for  abrasive  pur- 
poses, but.  in  certain  parts  of  th(»  deposit.  <'rystal  corundum  is 
occasionally  found  that  is  of  a  d(MMdc<i  gem  character,  and,  2igain, 
many  (»f  the  fragments  of  th<»  coruiulum  hav(*  c<M*tain  portions  that 
are  transparent..  A  numlHM*  of  very  han<lsome  dark-blu(».  sapphires 
from  this  mine  are  in  the  United  States  National  Museum,  one  of 
wiiich  weighs  a  carat.' 

Yellowish  an<l  blue  colors  in  th<'  same  sj)e<Mmen  are  rather  common, 
and  are  sonn^times  sharply  separated  into  conse(*utive  bands,  while  in 
other  specimens  the  colors  merge  into  one  another. 

Sapphire  gems  of  all  the  different  colors  have  been  found  at  Corun- 
dum Hill,  and  1  have  in  m^^collec'tion  cut  gtMus  representing  all  these 
various  coloi's.     Many  of  tluMu  are,  however,  very  small. 

During  the  i)ast  ten  y(»ars  but  few  gems  have  been  obtained  fnmi 
this  mine,  for  the  reason  that  the  portion  of  the  dei)osit  from  which 
these  crystals  wore  formerly  obtained  has  not  been  worked.  In  the 
alluvial  deposits  below  this  portion  of  the  mine  many  handsome 
crystals  c^in  be  obtained  by  washing  the  gravel. 

The  green  sapphire,  which  is  the  oriental  emerald,  is  one  of  the 
rarest  of  gems.  The  Corundum  llill  mine  is  the  oidy  place  in  this 
country  at  which  t.he  omerald-gr(»en  sapphire  has  been  found,  and  it 
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fH»<^urs  voiy  sparingly  here,  although  the  yellowish  and  light-green 
colors  are  not  iineomnion.  What  is  probably  th<^  finc^st  known  speci- 
men of  the  oriental  emerald  in  the  world  came  from  this  mine,  and  is 
now  in  the  Kement  collection.  It  is  a  crystal  4  by  2  by  l^  inches;  part 
of  it  is  transparent,  and  several  very  fin(»  gems  could  be  (uit  from  it. 

At  the  Sapphire  and  Whitewater  corundnm  niim^s,  near  Sajiphire, 
Jackson  Connty,  X.  C,  fragm<*nts  of  sapphire  of  a  fine  bine  color  have 
IxHMi  found,  from  which  small  but  good  gems  have  Ihmmi  cnt. 

Associate<l  >\ith  the  gn»en  amphibolitc  rock  near  Elf  ])ost-o<!ice, 
Clay  County,  N.  C,  deep-blue  sapphires  have  been  sparingly  found. 
Thes4»  bear  the  same  relation  U)  the  amphibolite  as  the  red  and  pink 
Siipphire  described  on  page  45. 

MONTANA    SAPI»HIKKS. 


Tin*  only  syst^'matic  mining  that  has  Ikm^i  undi'rtakon  foi-  sapphires 
is  in  Montana.  Sapj)hires  were  tirst  found  in  this  Stat^»  In  miners 
who  wen*  washing  thegrav<^ls  of  the  bars  on  the  Missouri  Uiv**i*,  to  the 
east  of  Helena,  for  gold.  Tlujse  wen*  first  described  in  ISTo  by.I.  Law- 
n*nce  Smith, ^  but  it  was  not  until  istu  that,  actual  mining  was  begun. 
During  that  year  a  numb<M*of  <Mmipanies  weie  organized  to  woi'k  these 
bai*8  for  sapphires. 

These  bars  are  h)cate<l  from  12  to  18  miles  east,  and  northeast  of 
Helena,  and  have  l)een  followed  for  a  distance*  of  about  li*  miles  fnmi 
C^anyon  Ferry  down  the  river  to  American  Bar.  At  various  inti^rvals 
thes<^  bars  have  been  worked  for  the  sapphii-(*s  and  are  desiguated  by 
the  following  names,  starting  with  the  ono  that  is  farthest  up  the 
river:  Emerahl  liar,  Cheyenne  Har,  French  l>ar,  Spokane  i>ar,  Met- 
ropolitan Bar,  Ruby  Bar,  Kldorado  Bar,  Dana  Bar,  and  American  Bar. 
Tlie  location  of  these  bars  is  shown  on  the  map  (PI.  1\'). 

A  few  siipphires  have  Ikhmi  found  as  far  down  the  rivoi-  as  Beartnoth, 
but  siipphires  have  not  been  found  in  large  quantity  below  AiiHM-iean 
Bar. 

Above  Knu^rald  Bar  there  have  b*H»n  no  sapphires  found  on  any  of 
the  bars,  but  in  the  grav(»l  of  Magpie  Guleh,  l(\ss  than  a  mile  above 
Emerald  Bar  (at  Cany<m  Ferry),  many  sapphii'<*s  have  been  found 
by  miners  who  were  washing  th<*  gravel  for  gohl.  No  sapphires  have 
l)een  found  in  situ  in  this  gulch,  but  Kunz^'  has  noted  the  occurrence 
of  .sap])hires  that  were  found  in  a  dikc^  of  v<*sicular  mica-augite- 
andesit'e  which  wjis  alH>ut  0  feet  wid<^  and  cut  thi-ough  tin*  green 
slat-e  l)elow  the  gravels.  In  the  gravel  d(»posits  at  French  Bar,  about 
3  miles  l)elow  Canyon  Ferry,  a  narrow  dike  was  encount(Med  last 
summer,  3  to  0  feet  in  width,  that,  had  greenish  sapi)hires  scattered 
sparingly  thnmgh  it. 

Tliis  dike  was  encountered  about  50  feet  above  th<^  rivei-  and  its 
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Btrike  »h  it  cut*  Uiraii(jli  IIm^  hIhIo  im  N,  H>"  E.,  tlie  dip  beiiiB  »lM>ut 

'I'hirt  i-ock  is  iiii(loul)te<lly  of  Iho  same  (rharacUtr  ah  thai  ciew^ribed 
by  Kiinz  as  oecurriiig  at.  Kuby  Bar.  From  the  wciirrence  of  these 
two  corundum -bearing  dikes  of  audesite  it  would  seem  that  the  source 
of  the  sapphires  found  in  the  various  bars  along  the  Missouri  River 
is  a  series  of  small  i>araUel  dikes  with  a  slight  uortheaat-southwest 
trend,  like  those  described.  As  the  sapphires  are  scattered  so  spar- 
ingly through  these  dikes,  the  ainounb  of  decomposition  and  erosion 
that  was  required  to  liberate  those  that  are  now  found  in  the  gravels 
must  have  been  simply  enunnous. 

The  beds  of  gravel  in  whi(?h  the  sapphin's  weur  are  from  10  to  50 
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feet  tliick  and  rest  for  the  most  part  n[)on  slate,  in  bluffs  that  rise 
nearly  50  feet  above  the  I'iver.  At  Kmeralti  liar  tlie  yravel  l)eds  are 
nearlj'  l-'tO  fi-et  alnive  the  river  and  rest  upon  gi-antte  roek. 

Most  of  tiie  mining  has  l>een  done  at  Ni>okane  and  Eldorado  bars. 
The  former  hx-ality  is  near  the  center  of  the  sapphire  depositJ^  and  on 
the  west  side  of  the  river  about  IC  miles  due  east  of  Helena.  In  18'J5 
these  beds  of  gravel,  which  are  8  to  18  feet  thick,  were  extensively 
mined  by  an  English  company  known  as  the  Montana  Sapphire  and 
Ruby  Company.  The  gravels  wei-e  washed  by  hydraulic  methods  and 
a  great  many  gems  were  obtained,  most  of  which  wore  sent  to  Eng- 
land. This  company  also  controlled  or  owned  French  Bar  and  Dana 
Bar  on  the  west  side  of  the  river  and  Eldorado  Bar  on  the  east  side. 
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It  was  reorganized  in  1897  as  an  American  compaiiy,  known  as  the 
Eldorado  Gold  and  Gem  Company,  with  A.  N.  Spratt,  of  Oakland, 
Cal.,  president,  and  Frank  Spratt,  of  Helena,  Mont.,  manager.  No 
vrork  has  been  done  at  any  of  the  bars  by  the  present  company. 
This  bar  is  shown  in  fig.  8,  the  bluff  rising  from  the  river  being 
30  to  50  feet  high. 

Directly  across  the  river  from  Spokane  Bar,  but  iil)out  three-fourths 
of  a  mile  from  the  river,  is  Metropolitan  Bar,  which  has  been  worked 
during  the  summer  of  1899  by  different  men  who  have  staked  out 
individual  claims.  The  gravels  are  from  G  to  20  feet  thick,  and  are 
washed  in  hand  rockers,  the  water  being  obtained  from  shallow  wells. 
Several  of  the  claims  are  owned  by  Robbin  Bii-d,  Charles  Johnson, 
and  John  DuiTant,  of  Helena,  Mont. 

Above  Spokane  Bar,  French  Bar,  Cheyenne  Bar,  and  Emerald  Bar  no 
regular  mining  has  l)een  done  during  the  last  fewy<»ars,  l)ut  frequently 
different  persons  have  worked  in  the  old  drifts  for  a  few  days  at  a 
time,  washing  by  hand  the  gravel  obtained. 

A  large  part  of  the  work  done  at  Emerald  Bar  has  btMm  under  ground, 
by  means  of  shaft  and  drifts.  Ileniy  Crittenden,  of  Canyon  Ferry, 
has  done  a  large  part  of  the  work  here,  and  still  controls  the  deposits. 

Below  Spokane  Bar,  at  Dana  Bar,  Eldorado  Bar,  and  American  Bar 
there  was  no  mining  for  sapphires  during  1899. 

Most  of  the  gems  that  have  been  obtained  from  these  bars  during 
1899  have  l)een  put  on  the  market  through  the  Helena  Lapidary 
Company,  of  Helena,  Mont.,  of  which  William  Kuuth  is  manager. 
Mr.  Knuth  has  done  considerable  work  on  these  bars,  and  has  been 
instrumental  in  the  development  of  the  Montana  gem  fields. 

As  mining  investments  these  sapphire  deposits  have  not  tlius  far 
been  financially  successful,  i)artly  on  account  of  the  heavy  capitaliza- 
tion of  the  companies  who  have  bought  the  mines  and  parti}'  on 
account  of  the  color  of  the  stones.  They  are,  for  th<^  most  part,  of  a 
pale-greenish  or  greenish-yellow  color,  and  do  not  command  a  very 
high  iH'ice  in  the  market.  Occasionally  pink  and  yellow  ones  have 
'been  found  that  have  cut  good  gems.  Stones  approaching  a  rt'd  or 
"blue  color  are,  however,  extremely  rare. 

There  are  still  a  great  many  sapphires  in  the  grav(^ls  that  havr  not 
lx*en  worked,  but  on  account  of  their  color  it  is  ratlior  doubtful 
'vhether  under  the  most  favorable  conditions  it  will  pay  to  mine  them. 

The  crystals  from  all  these  bars  show  the  same  development ,  and 

<»ire  prismatic  in  habit.     The  prism,  ((  (H-^^),  is  always  pr(»s(»nt,  and 

is  usually  in  combination  with  the  base,  c  (OlXJl),  and  the  unit  rhom- 

\x)hedron,  r  (lOll),  as  represented  in  fig.  U^A.     Some  of  the  crystals 

^ave  the  prism  very  short  and  the  rhomboluMlron  is  wanting,  giving 

the  crystjil  a  very  tabular  appearance  (fig.  9,  B).     A  [)yraniid  of  the 

second  order,  n  (224*3),  was  observed  on  some  of  the  crystals  in  addition 

to  the  base  and  unit  rhombohedron,  and  is  represented  in  fig.  9,  C, 
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The  crystals  are  usually  rough  and  more  or  less  striated,  so  that  no 
measurement  could  be  made  upon  the  reflecting  goniometer,  but  suf- 
ficiently accurate  measuremente  could  be  obtained  with  the  contact 
goniometer  to  identify  the  faces. 

The  largest  crystal  that  has  been  observed  from  any  of  these  bars 
was  one  from  Eldorado  Bar  that  was  nearly  an  inch  long  and  three- 
eighths  of  an  inch'  in  diameter. 

A  repeated  growth  was  observed  on  some  of  these  crystals,  but  not 
in  the  variety  of  forms  seen  in  the  Cowee  rubies  (p.  43)  and  the  Yogo 
Gulch  sapphires  (p.  52).  Only  one  form  of  growth  was  observed,  repre- 
sented in  fig.  9,  A,  which  is  a  combination  of  the  unit  rhombohedron 
and  the  base. 

Since  the  discovery  and  mining  of  sapphires  from  the  Missouri 
River  bars  sapphires  have  been  found  at  three  other  localities  in  Mon- 
tana— at  Rock  Creek,  Granite  County;  at  Cottonwood  Creek,  Deer- 
lodge  County;  and  at  Yogo  Gulch,  Fergus  County. 

The  first  two  localities  are  about  80  and  30  miles  southwest  of  those 
on  the  Missouri  River,  and  the  last  one  is  about  80  miles  to  the  north- 
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Fig.  p.— Sapphire  cnrstals  from  Muwouri  River  bars,  Montana. 

east.  From  these  sapphire  deposits  stones  of  deeper  colors  have  been 
obtained,  those  from  the  first  two  being  of  all  colors  from  blue  to  red, 
while  those  from  the  last  are  all  blue. 


ROCK   CREEK   SAPPHIRES. 

For  information  concerning  the  sapphii-e  deposits  of  Rock  Ci-eek,  I 
am  indebted  to  Mr.  William  Knuth,  of  Helena.  All  the  sapphires 
that  have  thus  far  been  found  in  this  section  are  in  the  gravel  deposits 
on  the  West  Fork  of  Rock  or  Stony  Creek,  in  the  southern  part,  of 
Granite  County,  about  35  miles  southwest  of  Phillipsburg,  the  county 
seat,  and  30  miles  nearly  west  of  Anaconda,  Deerlodge  County. 
(PI.  IV.) 

The  sapphires  are  found  in  rather  a  limited  area,  which  is  bounded 
roughly  by  the  gravels  of  Cold  Creek,  Myers  Creek,  tributaries  of  the 
West  Fork  of  Rock  Creek,  and  that  portion  of  Rock  Creek  lying 
between  them. 

These  gravels  were  extensively  worked  during  the  summer  of  1899, 
principally  by  William  Knuth,  of  Helena,  and  William  Moffitt,  of 
Phillipsburg.     Altogether  about  200,000  carats  of  rough  sapphires 
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were  obtained.  Of  these  about  12,00()  carats  are  fit  for  cutting.  In 
color  they  are  much  more  varied  than  those  from  the  Missouri  River 
bars,  and  the  prevailing  color,  which  is  greenish  to  bluish  green,  is 
deeper.  No  deei)-blue  sapphires  like  the  oriental  stones  have  been 
found,  but  paler  blue  ones  have  been  obtained,  from  which  very 
handsome  sapphires  2  or  3  carats  in  weight  have  been  cut.  Some 
of  the  finest  yellow  sapphires  (oriental  topaz)  that  I  have  ever  seen 
have  been  found  at  Rock  Creek.  One  of  these  weighed  close  to  2 
carats  when  cut.  Pale  green  and  bluish  green  are  among  the  common 
stones,  some  cutting  gems  of  5  to  8  carats  in  weight.  A  number  of 
beautiful  pink  sapx>hires  have  also  been  found. 

Few  red  and  ruby-colored  crystals  have  been  found  and  none  that 
would  cut  a  gem  over  a  twelfth  of  a  carat  in  weight.  These  colors  are 
extremely  rare  in  the  Montana  sapphire  deposits. 

The  crystals  and  fragments  of  sapphires  that  are  found  in  these 
gravels  do  not  show  as  much  abrasion  as  those  from  the  Missouri 
River,  probably  because  they  have  been  carried  a  shorter  distance 
from  where  they  originated. 

In  habit  the  crystals  arc  very  similar  to  those  already  described 
from  the  Missouri  River,  and  fi^.  1)  will  also  illustrate  very  well  the 
character  of  the  Rock  Creek  crystals.  One  type  that  is  very  notice- 
able is  a  short  prismatic  crystal,  whose  diameter  nearly  equals  its 
length.  A  parallel  growth  on  the  basal  plane  is  only  occasionally 
oliserved,  and  is  composed  of  the  basal  plane  and  unit  rhombohedron. 

No  sapphires  have  as  yet  been  found  in  situ,  but  a  few  have  been 
found  in  the  gravels  that  were  embedded  in  the  original  matrix.  Mr. 
Knuth,  to  whom  I  showed  a  specimen  of  the  andesite  containing  sap- 
phires from  French  Bar,  said  that  it  very  closely  r(\sembled  the  small 
fragments  of  rock  carrying  wipphires  that  h<*  had  found  at  Rock 
Creek.  It  is  not  at  all  improbable  that  these  sapphires  originated 
in  the  same  type  of  rock  as  those  of  the  Missouri  River  and  that 
small  dikes  of  andesite  will  be  found  in  the  divide  between  Myers, 
Cold,  and  Quartz  creeks.  A  very  few  sapphires  have  been  found  on 
Quartz  Creek. 

While  the  sapphire  gems  from  Rock  Creek  do  not  command  so  high 
a  price  as  the  ruby  and  the  deep-blue  sapphires,  >ind  arc  rcgard<Hl  more 
as  fancy  stones,  they  are  coming  to  be  quite  highly  prized  by  many 
who  are  acquainted  with  them.  As  yet  but  few  of  the  Rock  Oeek 
sapphires  have  been  put  on  the  market  excci)t  locally  at  Helena,  and 
it  seems  to  me  that  it  can  be  confidently  predicted  that  these  sapphires 
will  become  important  in  the  jewelry  trade  when  they  are  once  known. 

COTTONWOOD   CREEK   SAPPHIRES. 

The  sapphire  deposits  on  Cottonwood  Creek  are  in  De<Mlodg(»  County, 
about  30  miles  southwest  of  Helena  and  10  miles  east  of  De<»rlo<lge, 
the  county  seat.     There  has  not  been  a  great  deal  of  work  done  on 
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this  creek,  w)  that  the  extent  of  the  sapph ire- bearing  j^ravels  is  not 
known.  The  sapphires  are  similar  in  character  to  those  of  Rock 
Creek,  but  they  are  apt  to  l)e  of  lijrhter  color  and  not  of  such  a 
variety  of  colors.  What  little  work  was  done  on  the  creek  during  the 
past  summer  was  by  Franz  (-obalt,  of  Helena,  and  according  to  him 
there  were  but  few  sapphires  taken  out  of  the  gravels.  Fulure  devel- 
opment at  this  locality  may  show  these  deposits  to  be  of  considerable 
imjiortance  and  extent. 

YOOO  OULCH  SAPPHIRES. 

The  sapphires  that  are  the  most  widely  known  and  that  have 
attracted  the  most  attention  have  been  obtained  in  Fergus  County 
near  the  entrance  of  Yogo  Gulch,  on  the  Yogo  Fork  of  Judith  River. 
This  locality  is  on  the  eastern  slope  of  Prospect  Ridge  of  the  Little 
Belt  Mountains,  about  75  miles  northeast  of  Helena  and  15  miles  a 
little  south  of  west  of  Utica,  which  is  the  nearest  town,  and  which  is 
on  the  Judith  stage  line.  The  sapphires  Avere  first  found  in  the  grav- 
els of  Yogo  Fork,  and  in  following  these  up  the  creek  their  original 
source  was  located  in  dikes  that  extend  acn>ss  the  county  for  a  mile 
and  a  half.^ 

There  are  two  x>arallel  dikes  al)out  800  feet  apart,  with  a  general  east- 
west  trend,  which  vary  in  width  from  15  to  75  feet.  The  miner- 
alogical  composition  of  the  rock  shows  that  it  has  a  close  affinity  with 
minette  and  shonkinite,  as  described  on  page  28. 

The  alluvial  deposits  below  these  dikes  have  been  pretty  thoroughly 
worked  for  the  sapphires,  and  mining  operations  are  now  confined 
almost  entirely  to  the  dikes  themselves.  These  dikes,  the  upper  por- 
tion of  which  is  thoroughly  decomposed,  have  been  worked  by  means 
of  open  cuts,  the  limestone  making  fairly  firm  walls.  By  hydraulic 
processes  the  decomposed  rock  was  readily  broken  up  and  washed 
into  sluice  boxes.  As  the  mining  extended  deei>er  the  rock  was  much 
less  altered  and  it  was  necessary  to  leave  a  great  deal  of  it  exposed  to 
the  atmosphere  from  one  season  to  the  next,  before  it  could  be  broken 
up  and  run  through  the  sluice  boxes.  At  a  number  of  points  the 
almost  perfectly  fresh  rock  has  been  encountered,  and  from  this  it 
will  1x3  a  difficult  problem  to  separate  the  sapphires.  The  percentage 
of  sapphires  in  the  rock  is  small  iind  if  it  were  the  unaltered  rock  that 
had  to  be  worked  for  them  the  dej>osit  would  not  be  of  economic 
importance. 

The  sapi)hires  occur  embedded  in  this  rock  in  distinct  crystals  from 
less  than  a  millimeter  in  diameter  to  some  that  were  over  15  mm. 
Their  color,  as  far  as  I  have  observed  them,  is  always  a  blue,  varying 
from  light  blue  to  a  very  few  that  showed  the  dark  blue  of  the  Ceylon 
stone.     The  prevailing  color  is  a  bright  biae.^ 


>  The  geology  of  the  district  and  a  full  description  of  the  mines  and  workings,  by  W.  H.  Weed, 
will  bo  found  in  the  Twentieth  Ann.  Bept.  U.  S.  Geol.  Survey,  Part  UI,  1899,  pp.  454-46a 
«Kunz:  Am.  Jour.  Sci.,  4th  aeries,  Vol.  IV,  1897,  pi  i30. 
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While  the  color  of  these  sapphires  is  not  as  dark  as  the  highly-prized 
.'eyloii  stones,  they  show  a  richness  and  brilliancy  not  e<]ualled  by  the 
)riental  stone.  They  not  only  show  a  strong  rich  color  by  t  ransniittcnl 
ight,  but  their  color  is  almost  as  good  by  reflected  light.  Tlien 
tgain,  while  many  blue  sapphires  make  beautiful  day  stones  but  are 
lull  at  night,  the  Yogo  sapphii-e  is  a  very  brilliant  night  as  well  as 
lav  stone. 

The  crystallography  of  these  sapphires  is  markedly  different  from 
hat  of  the  sapphires  of  the  Missouri  bai's  and  Rock  Cn^ek  (page  50). 
riie  latter  all  show  a  prismatic  development,  while  the  former  are  all 
•homlwhedral  crj^stals,  none  of  which  show  the  ju'esence  of  any  prism 
ace.' 

The  crystals  are  etched  and  striated  to  such  a  degree  that  no  crys- 
aUographic  measurements  (m  the  reflecting  goniometer  were  possi- 
)le;  but  sufficiently  accurate  angles  were  obtained  with  the  contact 
roniometer  t^)  permit  the  identification  of  the  faces.  The  only  two 
aces  that  could  be  identified  weix*  the  base  r  {0001 )  and  the  rhombo- 
ledron  x  (3032)  which  is  a  new  face  for  corundum.  On  one  crystal 
wo  very  small  faces  were  observed  whiifh  were  too  small  to  Ir>  meas- 
ired  with  the  contact  goniom<»ter,  but  were  probably  the  fa<?es  of  a 
)yrami<l  of  the  second  order. 

In  determining  the  rhombohedron,  ten  or  more  independent  meas- 
irements  were  made  of  r^x.  These  varied  from  0(3°  to  68°,  but 
ipproximated  closely  to  67°,  which  agrees  very  well  with  the  calculated 
^alue,  67°  3',  for  0001 A3032.     These  crystals  are  represented  on  PL  V. 

The  crystals  are  developed,  as  shown  in  figs.  1,  2,  and  3  of  PI.  V, 
lie  prevailing  type  being  like  fig.  3  of  PI.  V.  I^he  crystals  vary  from 
liose  where  the  base  is  very  largely  developed,  having  a  diameter  of 
»  mm.,  while  the  rhombohedron  is  only  1  mm.,  to  those  that  have  the 
>A8e  and  the  rhombohedron  equally  develoi>ed  {fi^.  1  of  PI.  \).  Where 
lie  faces  are  moi'e  equally  develojRMl,  the  rhomljohednil  fjM^es  are 
renerally  rounded. 

The  basal  t)lane  often  shows  (thara<?t eristic  striations  which  are  par- 
allel to  the  three  intersections  of  the  base  r  and  the  rhombohedron 
fy  as  shown  in  fig.  4  of  PI.  V.  These  lines  are  shari»  and  <listinct  and 
^>n  the  verv'  flat  crystals  can  easily  be  mea.sure<l  when  (examined  under 
^he  microscop<\  The  rhombohedral  fac(»s  aiH»  very  roughly  striated 
without  showing  any  distinct  paralU^l  lines. 

One  very  common  development  of  th<»se  crystals  is  a  n»iH*at<Ml  growth 
on  the  basal  plane  of  the  rhombohc^dron  .r  (30^2)  and  thc^  base  c  (OOOI), 
H8  representcil  in  fig.  2  of  PI.  V.  These  growths  ar<»  exceedingly 
varied,  as  is  shown  in  figs.  11-14  of  IM.  V,  where  th<\v  are  drawn 
in  basal  projection.  In  fig.  11  of  PI.  V  there  is  but  one  s(*condary 
rhombohe<lron  and  base,  which  luis  one  of  its  rhomlx)hedron  faces 
fi  continuation  of  one  of  th<^   rhoml)ohedron   faces  of  the  crystal. 

>  Am.  Joor.  Sci.,  4th  aeries.  Vol.  IV,  IWI,  p.  4ai. 
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Fig.  12  of  PI.  V  represents  a  repeated  growth,  each  face  of  which  is 
entirely  distinct  from  the  faces  of  the  main  crystal.  In  fig.  13  of 
PI.  V  there  are  represented  two,  and  in  fig.  14  of  PI.  V  a  series  of 
such  growths,  where  a  number  of  the  rhombohedral  faces  coincide. 
These  growths  occur  most  frequently  on  the  flat  crystals.  The 
thickness  of  the  rhombohodron  rarely  reaches  1  mm.  and  often  they 
are  so  thin  that  they  appear  like  striations. 

This  repeated  growth  is  very  similar  to  that  described  as  occurring 
on  the  Cowee  rubies  (p.  43).  Bauer,'  in  an  article  entitled  **  Ueber 
das  Vorkommen  der  Rubine  in  Birma,"  has  described  this  same  style 
of  development  as  occurring  on  the  Bunna  rubies,  but  it  is  not  so 
general  as  on  the  Montana  com nd urns. 

Etching  figures.^ — The  etching  figures  which  were  observed  on 
nearly  all  the  crystals  examined  were  on  the  basal  plane.  The  fig- 
ures are  very  ptrfect,  and  although  showing  many  different  forms, 
they  all  have  a  rhombohedral  symmetry.  Fig.  5  of  PI.  V  represents 
the  common  etching  figure,  which  is  a  rhoml)ohedral  depit^ssion  ter- 
minating in  a  point.  The  edges  of.  the  depression  are  sharp  and  well 
defined,  as  are  also  the  intersections  of  the  rhombohedral  faces  of  the 
depression.  These  rhombohedral  faces  were  smooth  and  gave  fair 
reflections  of  the  signal  on  the  reflecting  goniometer.  In  measuring 
them  the  entire  crystal  except  the  depression  to  be  measured  was  cov- 
ered with  a  thin  coating  of  wax.  Two  different  crystals  were  meas- 
ured, which  gave  for  rhombohedron  on  rhombohedron  22°  30';  this 
corresponds  to  the  rhombohedron  1017,  for  which  the  calculated  value 
is  21"^  50'.  Figures  of  the  same  style  were  observed  whose  edges  were 
parallel  to  those  of  the  negative  rhombohedron;  these,  however,  are 
not  common  in  isolated  forms. 

Another  common  form  is  represented  in  figs.  7  and  9  of  PI.  V,  where 
the  depression  is  bounded  by  the  basal  plane,  which  at  times  is  so 
large  that  the  rhombohedral  plane  is  hardly  visible.  Fig.  0  of  PI.  V 
represents  etching  figures,  where,  on  the  basal  plane  of  a  shallow 
depression,  there  is  one  additional  etching  figure  and  sometimes  two. 
These  second  etching  figures  are  like  the  common  ones  shown  in  fig.  5 
of  PI.  V.  The  outer  rhombohedral  contour  of  these  figures  is  gen- 
erally rounded.  This  is  also  usually  the  case  with  the  deeper 
depressions. 

Often  the  etching  figur<\s  are  int<3rgrown,  fig.  8  of  PI.  V,  and  when 
many  of  these  occur  together  they  have  the  api)earance  of  raised 
figures  rather  than  of  depressions.  This  raised  appearance  is  very 
striking  when  tliere  is  a  combination  of  the  plus  and  minus  rhombo- 
hedron in  parallel  position  and  without  overlapping,  fig.  10  of  PI.  V. 

The  figures  vary  considerably  in  size,  but  most  of  them  are  near 
1  mm.  in  diameter.  A  few  wen*  observed  that  were  nearly  2  mm.  in 
diameter. 


'  Neuos  Jahrbuch  ftlr  Min.,  0«ol.  und  Pal.,  Vol.  XI,  IflOfl,  p.  209. 
«  Am.  Jour.  Sci.,  4th  series,  Vol.  IV,  1897,  p.  426. 
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Bauer  ^  has  described  etching  figures  that  he  observed  on  the  base 
0001  and  the  pyramid  2243  of  the  Burma  rubies.  Those  on  the  base 
are  similar  to  the  figures  in  fig.  5  of  PL  V,  except  that  the  outside 
contour  of  the  rhombohedron  is  rounded. 

These  sapphire  deposits  are  now  controlled  by  the  New  Mine  Sap- 
phire Syndicate  of  Utica,  Fergus  County,  Mont.,  and  London,  Eng- 
land, of  which  Mr.  George  A.  Wells,  of  Great  Falls,  Mont.,  is  presi- 
dent. Mr.  S.  S.  Ilobson,  of  I^ewiston,  Mont.,  one  of  the  directors  of 
the  company,  states  in  a  recent  letter  that  130,000  carats  of  cuttable 
material  w^ere  taken  out  last  sea^m.  Besides  this  there  is  a  large 
amount  of  very  small  crystals  and  badly  flawed  larger  crystals  that 
aiv  not  capable  of  being  cut  into  gems  and  that  are  sold  by  tlie 
ounce.  The  largest  rough  stones  that  have  l)een  found  weighed  11 
to  12  carats,  and  from  these  wei*e  cut  gems  weighing  5  to  6  carats. 
One  of  the  better  stones  taken  out  the  season  of  181U)  weighed  4  carats 
when  cut  and  is  valued  at  over  $75  a  carat.  All  of  the  material  is 
shi[)ped  to  London. 

That  the  American  gems  are  l)eing  appreciated  is  shown  by  the  large 
onlers  that  are  received  for  them  from  Paris,  London,  and  New  York. 

CORUNDUM. 

Tender  this  head  are  included  all  the  translucent  to  opaque  varie- 
ties of  all  colors,  subdivided  into  block,  crystal,  and  sand  corundum. 
While  a  sharp  line  can  be  drawn  between  corundum  and  emery,  no 
Huch  distinction  can  be  made  between  corundum  and  sapphii'e,  for 
many  pieces  of  the  former  are  found  that  have  transparent  portions. 
Many  sapphire  gems  have  been  found  in  masses  of  corundum  that 
were  l)eing  mined  for  abrasive  purposes. 

In  the  following  descriptions  corundum  deposits  have  been  taken  up 
by  States  in  the  onler  of  supposed  importance.  Many  of  the  beds 
are  briefly  noticecl,  but  the  larger  and  more  imiwrtant  deposits  are 
described  in  detail. 

NORTH    CAROLINA. 

Most  of  the  corundum  localiti(»s  in  North  Carolina  are,  in  a  general 
way,  indicated  on  the  map  (PI.  VI),  except  the  very  few  that  are  east 
of  the  Blue  Ridge.  In  the  following  descriptions  only  those  deposits 
liave  been  ccmsidered  which  have  Iwen  mined  for  <»orundum  or  whi(»h 
liold  out  a  promising  prospect  for  the  mineral.  These  will  be  taken 
up  by  counties,  the  more  important'  ones  first. 

MACON    COUNTY. 

Corundum  was  first  discovered  in  this  county  in  1870  at  what  is 
now  known  as  the  Corundum  Hill  mine,  and  mining  was  l)egun  here 
about  a  year  later.     This  mine  has  become  one  of  the  most  important 


1  Loc.  dt.,  p.  21& 
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cuniridiiiu  deposits  in  this  country.  It  is  sitiiHt«<l  About  8  miles  sonth- 
eaat  of  Fmnkliii,  the  t^ouHty  sent,  oh  tlie  noHlieaHt  side  of  ('tillasagee 
Creek,  a  tribiitjiry  of  the  Little  Tennessee  Kiver. 

The  I'^i'undniii  found  iit  this  mine  (Hiem-s  in  i>eriiJotite  rock,  and 
this  has  been  worke<l  very  extensively,  especially  near  the  contact  of 
this  roek  with  gneiss.  PI.  VII  gives  a  general  view  of  this  peridotite 
formation,  and  shows  to  a  certain  extent  the  number  of  openings  that 
have  been  made  in  it.  The  hill  is  alwut  350  fe<'t  high,  the  summit 
beiuR  alwnt  5ii0  feet  alntve  the  level  of  ('ullasagoe  t'reek.     Fig.  ici  is 


1.  III.-  Mb|>  'iI  tbe  twridntiU' 


a  toixigraphie  map  of  this  same  iH>ri<Iolite  foi-matton,  and  shows  the 
location  of  the  various  mines.  The  formation  is  a  rather  blunt  lens- 
shaped  mass  of  the  dunite  variety  of  peridotite,  and  ha«  al>out  Id 
aeree  of  surfjice,  over  most  of  whieh  the  n»ek  is  exiKised.  As  is  seen 
from  this  map,  most  of  the  mines  are  located  near  the  eontaet  of  the 
dunite  with  the  gneiss  or  stOiist,  and  follow  eontaet  veins  of  t«mn- 
dnm.  A  number  of  dunite  veins  have  Iweu  worked  within  the  forma- 
tion, but  with  the  exception  of  the  one  marked  "  Shaft"  on  the  map, 
they  have  all  soon  piuelied  out. 
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Most  of  the  mining  has  been  done  on  the  south  side  of  the  forma- 
tion, where  was  encountered  what  is  known  as  the  Big  vein.  This 
was  first  mined  by  means  of  open  cuts  and  later  by  tunnels,  the  last 
one  being  al)out  300  feet  below  the  summit  of  the  hill.  PI.  VIII  is  a 
view  of  the  entrance  to  this  tunnel,  and  shows  the  peridotite  rock  on 
the  left  and  the  gneiss  on  the  right  beyond  the  cut.  For  nearly  the 
whole  distance  of  the  southern  boundary  of  the  dunite  formation  a  cut 
has  been  made  following  the  contour  of  the  hill.  This  cut  was  some- 
times wholly  within  the  gneiss,  at  other  times  wholly  within  the  peri- 
dotite, and  again  cutting  directly  on  the  contact.  The  tunnels  are  all 
to  the  left  of  the  cut,  and  they  have  encountered  corundum  almost 
continuously  for  a  distance  of  1,280  feet,  reaching  nearly  to  the  south- 
east l>oundary  of  the  formation.  PI.  IX  is  a  view  of  the  upper  or 
southeastern  end  of  this  cut,  showing  the  peroditite  on  the  left  and  the 
gneiss  and  schist  on  the  right.  The  upper  part  of  this  cut  is  known 
as  the  Stan  field  mine.  A  tunnel  has  beer,  run  into  the  hill  near  the 
contact,  at  the  head  of  which  the  vein  of  corundum  is  8  to  10  feet  wide. 
No  work  has  l>een  done  at  this  mine  for  a  number  of  yeai*s. 

On  the  northeast  side  of  this  formation  is  what  is  known  as  the  Zeb 
Jones  mine,  where  there  was  exposed  (July,  1899)  a  bench  of  ore  26 
feet  in  depth  and  2  to  5  feet  in  width,  uncovered  for  a  distance  of 
50  feet,  which  averaged  very  close  to  50  per  cent  corundum.  This 
vein  carries  what  is  known  as  ** buckwheat"  corundum,  which,  as  its 
name  suggests,  is  made  up  of  small,  irregular  particles  of  corundum 
about  the  size  of  buckwheat  grains. 

Numerous  dunite  veins  have  been  found  and  worked,  but  they  can 
be  mined  profitably  only  when  they  ai'e  large  contact  veins,  for  the 
reason  that  they  are  very  likely  to  pinch  out  after  being  worked  for  a 
short  time. 

Fixim  these  various  openings,  collectively  known  as  the  Corundum 
Hill  mine,  block,  crystal,  and  sand  corundum  ores  have  been  obtained, 
all  of  which  can  be  readily  cleaned  and  will  make  a  comiuercial  prod- 
uct that  can  be  used  in  the  manufacture  of  any  kind  of  corundum  wheel. 
A  small  amount  of  garnet  is  occasionally  found  associated  with  the 
corundum  in  the  vein  along  the  southern  (contact,  but  this  portion  of 
the  ore  can  be  readily  eliminated  by  hand  cobl)ing  at  the  mine.  This 
is  the  only  mine  that  produce<l  any  (|uantity  of  corundum  during 
1H99.  It  is  now  owned  by  the  International  Corundum  and  Emery 
Company,  of  New  York,  N.  Y, 

The  water  of  Cullasagee  River  is  utilized  for  the  washing  and 
cleaning  machinery  of  the  mill,  which  is  located  about  a  mile  and  a 
half  ]>elow  the  mine,  at  Cullasagee.  A  line  of  sluice  lK)xes  connects 
the  mine  with  the  mill,  and  all  the  c(n*undum  ore  that  can  l)e  readily 
brok<»n  to  pieces  is  carried  down  to  the  mill  in  these  boxes. 

There  are  many  outcrops  of  peridotite  on  Ellijay  Creek,  a  few  miles 
uorth  of  Cullasagee,  and  at  many  of  them  corundum  has  been  found. 
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The  most  work  that  has  been  done  is  at  the  Mincey  mine,  which  is 
2  miles  northwest  of  the  Corundum  Hill  mine.  At  this  locality  a 
considerable  quantity  of  corundum  has  been  taken  out,  which  was 
carried  to  the  mill  at  CullaHagee  and  cleaned.  PI.  X  is  a  view  of  this 
open  cut,  w^hich  was  entirely  within  the  formation.  Judging  by  the 
amount  of  ('orundum  obtained  and  by  that  found  near  the  contact  of 
the  dunite  with  the  gneiss,  there  an*  good  indications  of  the  existence 
of  corundum  in  quantity  along  the  cont^ict.  The  corundum  that  was 
obtiiined  at  this  mine  was  hauled  by  wagons  to  the  Corundum  Hill 
mine,  where  it  was  cleaned.  This  property  is  owned  by  the  Interna- 
tional Corundum  and  Emery  Company,  of  New  York,  N.  Y. 

lietwc^en  the  Corundum  Hill  and  Mincey  mines  there  is  a  bold 
ouU*n)p  of  dunite  on  the  (4ray  property,  covering  about  the  same 
surfaces  as  that  at  ('orundum  Hill.  Although  there  has  been  no  min- 
ing here,  the  little  prosi)e<^tiiig  that  has  l>een  <lone  has  shown  corun- 
dum to  hci  very  thickly  sc^itt^red  along  the  lower  borders  of  the 
formation,  and  many  small  pit^s  that  have  been  sunk  within  the  for- 
mation have  en(H)unti^red  corundum.  This,  in  my  opinion,  is  one  of 
the  most  promising  prosiM^cts  for  corundum  in  Macon  County. 

A  gix3at  many  of  the  peridotite  formations  along  Ellijay  Creek  have 
bec^n  work(Hl  a  little  at  different  times,  and  these  are  mentioned  in  the 
lists  of  corundum  localities  (p.  83). 

Sheffiehl  mine, — This  mine  is  in  Cowee  Township,  about  7  miles 
northeast  of  Franklin,  the  -c^ounty  seat,  just  north  of  Cowee  Creek. 
The  corundum  occurs  hei-e  in  amphi bole-schist,  and  is  described 
on  page  31.  On  account  of  the  depth  to  which  decomposition  nas 
extended,  the  solid  rock  wa«  onb'  observed  in  the  lower  portions  of 
the  H7-foot  shaft,  so  that  nothing  definite*  is  known  of  this  corundum- 
iMjaring  aiiiphibole-schist.  The  corun<him,  which  is  pink  in  color  and 
which  occurs  in  oval-shaped  nodules  up  to  an  inch  in  diameter,  has 
been  pretty  thoroughly  mined  down  to  the  hard  rock.  The  corundum 
is  of  good  ([uality,  and  some  preliminary  tests  have  shown  that  it  is  well 
adapted  to  the  manufacture  of  the  vitrified  wheel.  On  account  of  the 
low  percentage  of  corundum  in  the  rock,  it  is  not  at  the  present  time 
a  profitable  corundum  ore. 

The  SHi)rolitic  ore  is  readily  cleaned,  and  furnishes  a  nearly  pure 
c(mimercial  product.  A  small  niill  has  been  erected  here.  This  prop- 
erty is  owned  b}'  the  National  Abrasive  Manuf^R^ituring  Company,  of 
New  York,  N.  Y. 

CLAY  ooi:ntv. 

Buck  Creek  or  CuUakeenee  mine. — This  mine  is  in  the  Buck  Creek 
Valley,  about  20  miles  southwest  of  Franklin,  Macon  County,  and  21 
miles  a  little  north  of  east  of  llayesville,  the  county  seat  of  Clay 
County.  Tlu^s(*  corundum  dei)osits  are  associated  with  a  compact  mass 
of  iKjridotite,  covering  about  three-quarters  of  a  square  mile,  the  largest 
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maHS  that  is  known  in  the  Appalachian  belt.    Fig.  5  (page  22)  in  a  topo- 
graphic map  of  this  formation,  and  shows  the  relation  of  the  amphi- 
bolite  to  the  peridotite  and  the  location  of  the  various  openings  that 
have  been  made  for  corundum.     There  has  been  but  ver>'  little  sys- 
tematic mining  for  corundum  in  this  locality,  and  most  of  the  work 
has  iM^en  in  the  nature  of  prosi)ecting.     Numerous  cuts  and  pits  have 
been  made  at  a  great  many  points  on  the  formation,  most  of  which 
have  shown  the  presence  of  corundum.     The  principal  work  is  at  the 
east  end  of  the  formation,  near  the  contact  of  the  dunite  with  the 
gneiss,  where  a  sliaft  40  feet  deep  wjis  sunk  partially  on  the  contact 
vein.     A  number  of  open  cuts  in  this  same  vicinity  have  i>enetrated 
int^o  tlie  same  vein.     This  vein  is  different  from  most  of  the  corundum 
veins  in  the  peridotite  r<K5ks,  in  that  it  is  c<miposed  essentially  of 
plagi(H*lase  feldsimr  and  hornblende,  wliich  bear  a  similar  relation  to 
ea<*h  other  as  the  feldspar  quartz  and  mica  in  the  pegmatitic  dikes. 
PL  XI,  .4,  is  a  general  view  of  the  Buck  CiT^ek  formation,  sliowing  the 
shaft  mine  ami  the  location  of  the  contact  vein  that  has  been  opened. 
With  this  exception  all  the  pits  and  cuts  that  have  been  made  are 
within  the  formation  itself,  ami  where  they  encountered  corundum  it 
was  in  small  p<K5kets,  the  remains  of  larger  dunite  veins.     PI.  XI,  By 
shows  one  of  these  dunite  veins.     From  the  amount  of   corundum 
exposed  by  prospecting  and  the  work  done  in  the  shaft,  there  is  with- 
out doubt  a  large  amount  of  corundum  associated  with  these  perido- 
tite rocks,  and  if  th(»  mine  were  more  aciressible  t^)  the  railroml  it 
would  offer  one  of  the  l)est  corundum  prospects  in  the  cx)untry.     At 
the  present  time,  however,  the  nearest  shipping  point  is  Murphy,  wliich 
is  over  40  mil<^  to  the  west.     The  nearest  point  on  the  Murphy  branch 
of  the  Southern  Railway  is  only  18  miles,  to  whi(?h  a  goo<l  road  can 
be  built  that  would  not  cost  much  more  than  the  fii*st  18  miles  of  the 
roa<l  to  Murph}'.     Buck  Creek  offei*s  ample  water  supply  for  running 
a  mill  sufficient  to  clean  whatever  corundum  would  be  mined  here. 
This  i)n)perty  is  also  owned  by  the  International  (.'oruudum  and  Emery 
Company,  of  New  York.     The  ore  is  not  difli(»ult  to  ch^an,  and,  as  far 
as  can  be  judged  from  a  sui3<>rficial  examination,  should  make  a  com- 
mei*cial  product  that  can  b(*  us(»d  in  the  manufacture  of  the  vitrified 
wheel. 

Blue  Ridge  ronifuhivt  fracts. — lender  this  head  are  includ<^d  the 
long  bands  of  corundum-lHmring  (|uartz-schist  that  have  l>eeu  found 
in  the  southeastern  part  of  the  county  and  in  the  mljoining  county  of 
Georgia  (Rabun  County).  Paralh^  bands  of  this  corundum-bearing 
schist  have  l)een  followed  for  a  number  of  miles  close  U)  the  summit 
of  the  Chunky  Gal  and  th(^  Yellow  mountains.  As  is  stated  on  i)age  35, 
the  amount  of  corundum  in  this  schist  is  probably  not  over  5  per  cent, 
and  with  such  a  low  p<M'centage  of  corundum  these  rocks  are  not  to  be 
considen»d,  at  the  present  tinu*  at  least,  as  a  source  of  this  mineral. 
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There  are  four  traelw  iiicludtHl  iiiider  this  he*wl,  which  an?  <le8cril)ed 
Inflow. 

Tlie  Sraly  Mountain  ira<*l.  i«  n<»ar  the  h4'iMlwaU*rH  of  Beiwh  ('reek,  a 
prominent  oaHtern  tributary  of  the  Tallulah  River,  on  the  southern 
and  southwestern  slopes  of  Scaly  Mountain,  at  the  elevation  of  about 
4,500  feet.  The  corundum-bearing  bands  of  schist  have  been  traced 
for  tlie  dist4iu(^',  of  about  2  miles,  with  a  general  strike  of  N.  40°  E.  and 
with  a  dip  approximately  SO'^-SO^  N\V.  (Vmsiderable  prospecting  has 
l>een  don<^  in  tra<*ing  this  ban<l  of  H<*hist,  but  experiments  show  that 
there  is  less  than  5  pe^r  cent  of  (*orundum  in  this  schist,  although  some 
siK'cimens  have  yielded  12  in^r  (^ent.  The  latter  were  probably  pieoes 
broken  off  along  planes  of  lamination  of  the  s<^hist,  while  the  rest  of 
the  piece  from  which  they  were  broken  off  carried  but  little  eomnduin. 

The  Foster  tnw*t  is  in  (-reorgia,  alK)ut  1^  miles  fnmi  Scaly  Moun- 
tain, and  the  State  line  forms  its  northern  lK)undary.  It  is  on  both 
sides  of  Falls  Branch,  one  of  the  smaller  west-ern  tributaries  of  the 
Tallulah  River,  and  is  about  3,500  feet  al)ove  sea  level.  Here  a  nnm- 
l)er  of  pits  hav**  been  made  and  samples  of  (*orundum  have  been 
obtained  which  have  assayt»d  on  an  average  al>out  5  per  c?ent  of  this 
mineral.  Th(»re  is  more  garnet,  associated  witli  the  corundum  in  this 
ore  than  in  tliat  from  any  of  th(^  other  localities. 

The  Yellow  Mountain  tract  is  on  the  north  of  Scaly  Mountain,  on  the 
noi-tihern  sIojk^s  of  the  Vcdlow  Mountains.  No  pi'ospecting  has  bt*en 
done  here,  and  from  the  indications  the  ore  is  the  same  grade  as  at 
the  other  lo<*alities. 

The  Chunky  (Tal  tract  is  at  th(»  summit  and  along  the  western 
slopes  of  the  Chunky  ihi\  Mountains,  n<*ar  the  h(»ad waters  of  Sugar 
Cove  Oeek.  With  a  few  interruptions,  the  corunduin-l)eAring  schist 
has  l)<H»n  tra<*ed  for  over  2  miles,  with  a  strik(»  and  dip  approximately 
the  same  as  on  tlu*  other  tracts.  A  numlx^r  of  pits  and  cut«  have  been 
made,  from  which  consid(»rable  ore  has  b(*en  taken  out  and  tested, 
and  the  tests  show  the  ]M»reentag4»  of  eorundum  U>  l)e  i>ra(aically  the 
same  as  at  the  others. 

The  corundum  baixls  of  tlu*  schist  in  all  the  tractw  vary  eonsid- 
eraldy  in  width,  some  being  not  oV4»r  a  foot  or  two  wide,  while  others 
are  IS  fe(»t.  In  tli(»se  wider  bands,  however,  tlu»re  are  apt  to  be  bands 
of  the  normal  schist.  Mon»  or  less  garnet  has  lM»en  found  associated 
with  the  corundum  in  all  the  schist,  and  if  in  any  amount  would  have 
t4)  l)e  eliminated  or  it.  w<mld  prevent  any  ccmunercial  corundum 
obtained  from  these  ores  being  us<m1  in  the  manufacture  of  the  vitri- 
fied wheel. 

From  the  extent  of  the  corun<lum-]K»aring  schist,  thei*e  is  undoubt- 
edly a  large  quantity  of  (»orundum  in  this  section,  but  the  low  percent- 
age of  corundum  in  the  rocks  makes  it  v<M-y  questionable  whether  they 
can  be  profitably  worked. 

The  Corundum  Mining  and  Manufacturing  Company,  of  Philadel- 
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phia.  Pa.,  has  recently  Ixh^ii  organized  to  work  the  (lei>osits  on  the 
Scaly  Mountain  and  Foster  trac*t8.  The  only  mining  that  has  thus 
far  l)een  done  consists  of  an  open  cut  exteiuling  35  feet  on  the  band 
of  corundum-bearing  quartz-schist.  About  1,(MK)  tons  of  ore  have 
lieen  taken  out,  a  small  jwrtion  of  which  has  l>een  crushed  and  cleaned. 
IlIw  point  at  which  mining  was  l>egun  is  on  the  southwestern  slopes 
of  Scaly  Mountain  at  an  elevation  of  nearly  4,»500  feet.  The  crushing 
plant  has  heen  erecte<l  close  to  the  cut.  The  cleaning  mill  is  about 
SjCXX)  feet  lower  on  Scaly  Mountain,  the  crushed  ore  being  conveyed 
thither  in  a  flume. 

No  definite  metho<l  of  (^leaning  has  as  yet  l)een  decided  upon. 
Experiments  have  been  ma<le  with  jigs  and  a  Bartlett  table,  but  they 
have  not  proved  very  satisfactory.  The  garnet  and  magnetite  in  the 
ore  are  to  be  separated  by  the  electro-magnet.  No  corundum  has  as 
yet  been  cleaned  for  the  market. 

JACKSON    COUNTY. 

l*erliaps  the  most  important  corundum  locality  in  this  county  is  in 
the  extnMue  southeastern  ])ortion,  in  the  vicinity  of  Sapphire,  extend- 
ing over  into  the  adjoining  county,  Transylvania.  In  this  section 
there  is  a  series  of  about  30  outcrops  of  peridotite,  which  extend  in  a 
general  northeast-southwest  direction.  All  these  out<*rops  ai*e  small, 
and  corundum  has  been  found  associated  with  many  of  them.  The 
location  and  relative  size  of  the  larger  of  these  (mt<»rops  and  the 
plac<*s  where  corundum  has  Iwen  mined  are  represented  on  the  ma^), 
fig.  11.  Most  of  this  has  l)cen  at  the  Bad  Creek  and  Socrates  mines, 
but  the  greater  part  of  the  work  done  at  any  of  them  has  been  in  the 
nature  of  prospecting. 

At  the  Burnt  Rock  mine?,  which  is  located  about  5  mihvs  northetwt 
of  Sapphire,  all  the  mining  has  ])eeii  done  within  the  peridotite  for- 
mation, and  about  10,(KX)  to  1:3, (mh)  pounds  of  corundum  have  Ijeen 
taken  out.  It  is  of  good  quality  and  occurs  in  whit<}  crystals  and 
knotty  ikkIuIcs.  The  on?  is  free  from  garnet  and  can  b(»  readily 
cleane<l.  From  the  amount  of  work  done  here  the  indications  are 
that  there  is  a  considerable  <[uantity  of  good  corundum  asso(riated 
with  the  i)eridotite  near  its  contact  with  the  gneiss.  The  mining  at 
the  Bixx.ikton  mine  was  also  within  the  peridotite,  and  about  the  same 
amount  of  corundum  was  taken  out  as  at  the  Burnt  Hock  mine.  The 
corundum  occurs  in  dull-gray  crystals,  whicli  are  (easily  cleaned  and 
separjit^l  from  the  ganguc.  Th(»s<>  two  mines  ari>  in  Transylvania 
County.  Just  below  this  mine,  on  the  slopes  of  l*oplar  Ridge,  a  vein 
of  corundum  was  exposed  in  October,  1900,  by  workmen  who  were 
making  a  new  rf>ad.  The  corundum  is  massive,  and  gives  goo<l  indi- 
cations of  occurring  in  quantity. 

The  little  work  that  was  done  at  the  Sapphin?  mine  shows  a  consid- 
erable quantity  of  white  and  gray  corundum,  often  speckled  with  blue, 
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verj'  Hiiuiliir  io  the  t'uriiiidurn  fi>iiii<l  Ht  lli«  Whitownt«r  miim,  li  miles 
south  of  the  Happhiru  mine.  The  tiuvniteti  mine  is  about  three- 
quartere  of  ii  mile  HouthwcHt  of  tlie  Sapjihirn,  in  »  bold  oulerop  of 
periilotito.  The  corundum  ii*  in  Hnmll,  knotty  na<luleH  niid  is  easily 
cleaned.  A  conl-atrt  vein  wan  i!iicoutiti>red ,  but  little  work  was  done 
to  develop  it. 

The  iitul  Creek  mine  has  1>een  worked  more  than  any  other  in  this 
section,  and  in  locat^-d  alwut  three-quartent  of  a  mile  nearly  south  of 
Sapphire.     The  work  done  at  thU  mine  has  Insen  almost  entirely  on  a 
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coritnet.  vein  whieh  lian  lieen  exiwwed  for  the  di.slance  of  I'M  feet  and 
has  iMK^n  worked  at  one  point  Ui  a  dei>tli  of  fill  fw^t.  The  Gornndum 
ore  that  was  encountered  in  tliis  vein  is  of  two  distinct  kinds;  in  one 
the  corundum  is  as.'^tciated  with  garnet  and  hornblende,  and  in  the 
other,  which  is  free  from  jiainct,  the  coruuduui  is  in  a  matrix  of  biotite- 
mica.  These  two  oi-es  should  alway.s  be  kept  separate,  for  the  conin- 
<lum  can  readily  b<>  cleaned  and  separare<l  from  the  asHociate<1  minerals 
in  the  biotite  ore  and  will  yield  a  pi-oduct  tliat  can  be  used  in  the 
mauufactnrc  of  tlie  vitrified  wheel;  but  tlu-  corundum  can  be  sepa- 
rated only  with  difficulty  from  tlie  ore  that  eontains  the  garnet.    Unless 
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the  garnet  can  l>e  entirely  eliminated  this  ore  will  not  make  a  i)roduct 
that  can  \)e  used  for  making  the  vitrified  wheel.  The  vein  has  an 
average  width  of  nearly  0  feet,  and  will  carry  from  15  to  20  per  cent 
of  corundum.  All  these  mines  just  referre<i  to  belong  to  the  Toxaway 
Company,  Sapphire,  N.  C. 

Corundum  has  l)een  found  at  a  number  of  the  peridotite  outrcrops 
between  the  Bad  Creek  and  the  White watljr  mines;  and  while  this 
does  not  by  any  means  indicate  "that  there  are  large  deposits  of  this 
mineral  in  these  rocks,  it  does  indicate,  taking  into  consideration  the 
corundum  deposits  already  found  northeast  and  southw(»st  of  these, 
that  there  is  a  possibility  of  such  deposits,  and  it  makes  this  section 
a  promising  one  for  systematic  prospecting. 

GEORGIA. 

The  corundum  localities  of  this  State  are  shown  on  the  map  (PI.  VI), 
^vrhich  also  gives  the  general  location  of  the  peridotite  formations  that 
liave  been  observed  in  this  section.  Although  there  is  considerable 
peridotite  occurring  in  the  northern  portion  of  the  State,  it  is  at  but 
:few  places  thus  far  that  corundum  has  been  found  in  any  quantity, 
.sind  these  are  at  the  extreme  northern  part,  not  far  from  the  North 
<.'arolina  line. 

Georgia  corundum  is  well  known,  and  perhaps  has  the  l^est  reputa- 
tion of  any  on  account  of  that  obtained  from  the  Laurel  Creek  mine, 
"^hicli,  with  the  exception  of  the  Track  Rock  mine,  is  the  only  one 
^hat  has  produced  any  considerable  quantity  of  corundum.  The 
peridotite  fonnations  are  not  so  large  as  in  North  Carolina,  nor  are 
Xhe  corundum  localities  so  numerous,  and  it  is  not  probable  that  there 
is  as  much  corundum  in  this  State  as  in  North  Carolina,  although 
the  Laurel  Creek  mine  may  be  superior  to  any  one  thus  far  located 
5n  North  Carolina. 

Laurel  Creek  mine,- -This  mine,  which  is  owned  by  the  Interna- 
tional C^jrundum  and  Emery  Company,  is  located  at  Pine  Mountain, 
Kabun  County,  Ga.,  and  is  18  miles  from  Walhalla,  S.  C,  the  near- 
est point  on  the  railroad.     At  tliis  locality  then^  is  a  large  outerop 
of  i)eridotit<»,  covering  several  hun<lred  acres,  and  along  the  ccmtact 
of  this  with  the  gneiss  large  <leposits  of  corundum  have  been  found. 
Several  openings  have  been  made,  some  of  which  have  been  worked 
very  extensively.     Fig.  12  is  a  topographic  maj)  of  this  p(»ridotit^»  for- 
mation, showing  the  general  location  of  the  cuts  and  shafts  that  have 
been  made.     As  is  seen  from  the  map,  the  formation  extends  over 
two  small  hills,  which,  on  account  of  their  rough  an<l  barren  nature, 
offer  a  sharp  contrast  to  the  surrounding  country.     There  is  a  large 
open  cut  (1  in  fig.  12)  on  the  east  side  of  the  formaticm,  whicli  follows 
for  the  most  part  along  the  contact,  is  200  feet  in  depth  at  the  lower 
end,  and  gradually  rises  until  at  the  upper  end  the  surface  is  reached. 
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At  Uh  lower  ciif]  thiH  i-iil  I'tK-oiitiU'ntl  wlittt.  in  kiiowii  lut  the  Big 
vein  of  iniiMHivn  foniiKliiiii,  Mit*  ml'  Imrin};;  followed  on  a  coDtMt 
vein  of  cryxtal  (-orinrdiiiii.  I'l.  XII  is  »  pliotofii-HpIi  of  this  cut,  which 
hIiows  till'  ^loitw  very  (lir^liiu-tly  on  the  li-ft  hiuI  the  ])eridotite  »n  the 
ri;r)it,  with  tlH<  sliiifl  hous<r  in  tin-  foif^ronnd. 

The  Jtig  vein  of  TiiiuiHivi'  corn  nil  urn,  fur  whii^h  IhiH  mine  in  noted, 
18  fit  tlio  foot  of  thuKonth  sloiH'of  thxhill,  tin(lhMHl>o»ii followed  from 
lh«^  lowiT  fnd  of  tho  <'nl.  (I,  %.  I:i)  for  n  ilistiineo  of  over  300  feet, 
rc>preKent«il  l>y  the  doitc*!  linoH,  with  tin-  nhaft  lioitso  (4,flg.  12)  near 
the  western  oml.     Although  thiii  vein  in  near  tho  cfrnt-act  of  the  peri* 
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liotiii'  Willi  tin-  giicisK,  il.  is  si>iMiriiti'il  t'limi  it  by  u  liaiid  of  peritlotite 
iukI  ;v  snmll  vein  of  k»ii<I  i-ornnrliini.  Thoru  Ih  soini-  doiibt  whethvr 
thf  Itloi'k  of  ;;ni>i»s  (-_',  tig.  Il')  is  i-ntiifly  Kiiri'itiinili'il  by  the  [leridit- 
tiU-  or  wh('t.hiT  it  iHiurlrati'S  the  in'Milotile  fi-oni  tlio  nmin  inatui  of 
(TiioiKK.  Fntin  what  <.>i>ii](l  l>o  h<hmi,  anil  fiinn  inforioHtion  obtained 
from  Sir,  Aiwly  Kvans,  fon.-niiin  of  the  niino,  it  lias  veiy  ninch  the 
appi'araiirK  of  iK'iiift  entirely  inclosed  in  the  iiniss  of  iieridotitc.  The 
Hiy  vein,  whiirli  has  been  worked  liy  an  inelined  sliaft  llfi  foet  deep, 
wi(h  1iinnitlK:tiKiri>ctinli>n}riii  niniiin^;  fi-oni  iliis,  hasbron^ht  thu  work 
ui»tolhebloek<it  yrneiss  just  i-efcrredto,  and,  fweordiiig  to  Mr.  Evans, 
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a  little  work  was  done  farther  to  the  east  which  showed  the  corundum 
vein  to  extend  on  the  south  side  of  the  block  of  gneiss,  and  it  is  not 
at  all  improbable  that  this  vein  continues  as  represented  by  the  dotted 
line  3.  Open  cuts  on  the  east  and  west  side  of  this  block  of  gneiss 
have  followed  contact  veins  of  corundum.  PL  XIII,  A,  is  a  pho- 
tograpli  of  the  peridotite  formation  near  the  cut  on  the  east  side. 
Little  work  has  been  done  at  Laurel  C-reek  excA3pt  on  contact  veins, 
the  principal  exception  being  a  small  dunite  vein  (0  in  fig.  12)  near 
the  west  end  of  the  formation,  from  which  considerable  corundum 
was  obtained,  but  the  vein  soon  began  to  pinch  out.  PI.  XIII,  B,  is 
a  photograph  of  this  vein,  showing  both  the  hanging  and  foot  walls  of 
peridotite.  At  5,  fig.  12,  considerable  work  has  been  done,  and  some 
large  crystals,  for  which  this  mine  is  noted,  were  obtained  here. 

This  is  perhaps  the  most  famous  corundum  mine  in  this  country, 
and  has  furnished  ore  from  which  an  exceptionally  good  commercial 
product  has  been  obtained. 

It  has  not  been  worked  since  1804,  when  the  tunnels  and  shafts 
of  the  Big  vein  were  cut  off  by  the  slipping  of  a  large  block  of  the 
peridotite  formation,  nearly  a  200-foot  cube.  It  is  that  portion  of  the 
formation  represented  on  the  map  (fig.  12)  between  the  open  cut  (1) 
and  the  cut  to  the  west  of  the  block  of  gneiss  (2). 

Track  Rock  mine. — The  location  of  this  mine  is  in  the  northeastern 
part  of  Union  County,  Ga.,  on  the  south  side  of  Track  Rock  Gap. 
The  corundum  occurs  in  a  peridotite  formation,  which  is  very  much 
decomposed  on  the  surface,  there  being  very  little  visible  but  a  mass 
of  chlorite-schist  containing  more  or  less  actinolite,  A  tunnel,  hav- 
ing its  upper  end  75  feet  below  the  surface,  has  Ijeen  run  in  on  the 
formation  for  about  200  feet,  with  short  branching  tunnels  at  several 
points.  From  the  material  cut  through  by  the  tunnel,  which  was 
examined  by  King,^  of  the  Georgia  geological  survey,  the  rock  was 
found  to  be  an  altered  peridotite,  made  up  of  small  grains  of  chrysolite 
surrounded  by  actinolite,  and  containing  many  grains  of  magnt^tite. 
It  may  be  that  the  original  of  this  rock  was  the  i>eridotite  amphibole- 
picrite. 

All  the  work  that  has  been  doni^  at  this  mine  has  been  entirely  within 
the  formation,  and  the  l)est  results  would  l>e  obtained  near  the  con- 
tact of  this  rock  with  the  surrounding  country  rock. 

Foster  mine. — This  mine,  which  is  located  in  the  northeastern  part 
of  Towns  County,  Ga.,  just  over  the  North  Carolina  line,  has  been 
<lescrilx»d  with  the  other  mines  occurring  in  this  vicinity  under  the 
head  of  **  Corundum  in  North  Carolina,"  on  page  OO.  The  corundum 
occurs  in  a  quartz-schist,  and  the  property'  is  owned  by  the  Corundum 
Mining  and  Manufacturing  Company,  of  Philadelphia,  Pa. 
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SOUTH  CAROLINA. 

In  the  northeastern  part  of  York  County,  from  3  to  4  miles  west  ol 
the  Catawba  River,  on  the  land  between  Allison  and  Crowder  creeks 
corundum  has  been  found  in  a  belt  about  200  to  3(X)  yards  wide  whicl 
skirts  along  the  western  slopes  of  Nannies  Mountain.  This  locality 
is  about  12  miles  northeast  of  Yorkville,  S.  C,  and  25  miles  southwes 
of  Charlotte,  N.  C. 

Mining  operations  have  been  carried  on  at  two  distinct  portions  o 
this  belt,  one  a  mile  north  of  the  summit  of  Nannies  Mountain,  oi 
the  property  of  Alexander  Rickard.  The  work  done  here  consists  o 
a  shaft  alK)ut  35  feet  deep,  from  which  several  drifts  have  been  run 
which  penetrati>  what  is  probably  a  light-gray  granite,  but  it  is  mucl 
decomposed  and  of  a  sandy  constituency.  The  only  solid  materia 
encountered  were  irregular  masses  of  black  cleavable  corundum  asso 
ciated  with  muscovite  mica.  In  the  surrounding  fields  float  corundun 
ranging  in  size  from  small  particles  to  masses  of  several  pounds  ii 
weight  are  abundant,  and  many  tons  of  this  have  been  picked  upan< 
shipped. 

A  little  to  the  west  of  the  south  end  of  Nannies  Mountain,  abou 
1^  miles  from  the  Rickard  mine,  there  is  a  similar  occurrence  o 
corundum.  There  have  been  a  number  of  shallow  cuts,  ditches,  am 
pits  made  in  prospecting  for  corundum,  but  apparently  none  wa 
found  in  place.  The  corundum  that  was  found  is  often  wrapped  ii 
mica. 

The  mode  of  origin  of  this  corundum  has  not  been  determined,  fo 
up  to  the  present  time  the  exact  nature  of  its  occurrence  is  not  defi 
nitely  understood,  as  no  exposure  of  the  corundum  can  be  seen  whicl 
shows  its  relation  to  the  rock  in  which  it  occurs.  Neither  can  it  b 
stated  whether  it  is  to  be  found  in  quantity. 

PENNSYLVANIA. 

The  corundum  in  this  State,  so  far  as  can  be  learned,  is  all  associate< 
with  the  serpentine  rocks  in  Chester  and  Delaware  counties  and  occur 
near  the  contact  of  this  rock  with  the  gneiss.  Considerable  feldspa 
(plagioclase)  similar  to  that  described  from  the  Big  vein  at  Bucl 
Creek,  N.  C,  is  usually  crystallized  out  with  the  corundum. 

Corundum  has  been  found  more  abundantly  near  Unionville,  ii 
Newlin  Township,  Chester  County.  It  is  found  here  in  a  mass  of  ser 
pentine  rock,  with  an  average  width  of  about  800  feet  and  a  length  o 
1  mile.  A  number  of  tons  of  corundum  have  been  obtained  from  thi 
mine,  but  during  the  last  ten  j^ears  little  or  no  work  has  been  carrier 
on  here.     Associated  with  the  corundum  are  tourmaline  and  spinel. 

MONTANA. 

Most  of  the  corundum  that  has  been  found  in  Montana  has  been  o 
the  sapphire  variety,  but  at  one  locality  near  Bozeman,  Gallatii 
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County,  a  variety  has  been  found  that  may  upon  development  prove 
to  occur  in  commercial  quantity.  While  no  t<?8ts  have  been  made  to 
determine  the  abrasive  quality  of  this  corundum,  preliminary  fire 
tests  have  been  made  which  indicate  that  it  is  suitable  for  use  in  the 
manufacture  of  the  vitrified  wheel.  Then,  again,  the  i)ercentage  of 
corundum  in  the  ore,  simply  judging  from  the  hand  specimens,  is 
high  enough  to  make  this  a  workable  ore  if  in  sufficient  quantity.  A 
description  of  the  rocks  in  which  the  corundum  occurs  is  given  on 
page  30. 

EMERY. 

Until  recently  the  only  emery  known  to  occur  in  the  United  States 
was  that  at  Chester,  Mass.,  and  Feekskill,  N.  Y.,  the  principal  mining 
being  done  at  the  latter  place.  Emery  has  now  been  found  in  North 
Carolina  in  a  verj' promising  prospect.  As  is  stated  on  page  0,  emery 
is  a  mechanical  mixture  of  corundum  and  magnetite,  or  sometimes 
hematite.  From  its  striking  resemblance  to  iron  ore,  especially  where 
it  is  a  mixture  of  corundum  and  magnetite  and  is  therefoi-e  magnetic, 
l)oth  the  deposits  at  Chester  and  Peekskill  were  first  worked  as  iron 
ores,  and  it  was  not  for  some  time  that  their  real  nature  and  value 
were  understood.  Since  then  the  deposit  at  Chester  has  been  worked 
continuously  and  extensively. 

Spinel  is  sometimes  associated  with  the  emery  and  increases  in 
amount  until  it  is  largely  in  excess  of  the  corundum,  and  the  ore 
passes  over  into  what  might  well  be  called  a  "  spinel  emery." 

MASSACHUSETTS. 

The  only  deposit  of  emery  that  has  l>een  f(»und  in  this  State  is 
in  the  vicinity  of  Chester,  where  the  emery  vein  has  been  traced  for 
nearly  5  miles.  The  vein  is  first  encountered  about  2  miles  north- 
west of  the  village  of  Chester,  in  a  ledge  thai  projects  into  West- 
field  River  from  it«  left  bank.  The  vein  can  be  followed  almost 
continuously  along  the  line  of  the  strike — south  to  a  little  east  of 
south.  It  extends  across  tlH-^  east  slope  of  Gobble  (North)  Mountain, 
drops  down  into  and  crosses  the  narrow  valley  of  Walker  Hrook,  and 
then  rising,  it  crosw^s  South  Mountain  and  can  be  followed  for  over 
2  miles  to  the  south.  The  map  (fig.  13)  shows  the  general  position  of 
this  emery  vein,  the  places  that  have  been  opened  along  it,,  and  the 
location  of  the  different  emery  mills.  The  emery  ociuirs  in  an  amph  ibo- 
lite,  which  has  been  descril)ed  on  page  23. 

Beginning  at  the  southern  end  of  the  vein  the  first  work  has  l)een 
done  about  half  a  mile  north  of  where  the  vein  disappeai-s,  at  what  is 
known  as  the  Wright  mine.  About  twenty  years  ago  rather  exten- 
sive mining  was  being  carried  on  hens  the  work  consisting  of  an  open 
cut  nearly  1,400  feet  long  that  was  worked  to  a  depth  of  O  f(»et  at  its 
aoutbem  end  and  al)Out  30  feet  at  its  northern,  with  probably  an 
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arage  depth  of  20  feet  for  the  entire  distanw,  Emery  vsryintt  in 
dth  from  3  to  i^)  feet  wtut  encountered  throughout  nearlythe  entire 
ngtli  of  the  cut. 

This  mine  was  reopened  in  IK'jn,  a  Hhaft  87  feet  deep  having  been 
jnk  or  the  vein  near  the  Roulhern  end  of  the  cut  and  drifts  run  ont 
mm  this.  Margarite  in  the  most  connpicuouH  aocesHory  mineral,  and 
ipeeimens  that  can  rarely  1k'  exeelie*!  have  been  fonnd_liere. 

C-ontinuing  nearly  half  a  mile  to  the  north  on  the  vein  and  near 
the  top  of  the  monntain  in  the  Melvin  mine.     There  i»  a  shaft  here 
40  feet  deep,  from  which  drifts  are  being  run.     This  shaft  is  but 
1,250  feet  from  the  head  of  the  npper  tunnel  of  the  Old  mine,  the  nest 
one   to   the    north.      It  in 
in  this  Old  mine  that  the 
most  extensive   work   has 
l>een  done.     Fig.   14  is   a 
cross  section  of  its  uuder- 
gi-ound     workings.       The 
nioulh  of  the  lowest  tun- 
nel   ii4   but   8   feet  above 
Walker  HriKik  and  75  feet 
to  the  south  of  it.     As  is 
seen  from  the  diagram,  the 
emery  does  not  occur  con- 
tinuously throughout  (h< 
vein,    but    in    pockets   c 
rhimnoys  which   dip   inl 
the    vein    about    30°    t 
Krom    the    work    alreat 
•lone   these  seem   to  h( 
this  direction  rather  cr 
stiintly,  so  that  the  po 
cts  oan  lie  approximal 
liicat-e<i  at  a  given  dej 
"     It  w)is  ill  the  first  chin 
of  emery  {see  map,  R^ 
1-,  for  which  this  mine  is  m 


of  diasiH 


that  the  Ix'aulifnl  si>ocimi' 
were  found. 

North  of  Walker  Brook  and  about  fttXJ  feet  from  the  Old 
is  the  Macia  mine,  wheiv  a  small  amount  of  surface  work  hae 
done.  Near  the  head  of  ;i  small  ravine  a  tunnel  was  start<>d  ■ 
west  of  the  vein  to  intercept  it,  but  work  was  discontinue*!  Iwfc 
vein  was  reached. 

The  next  opening;  is  near  the  highest  point  of  the  vein 
ea.steni  slope  of  Hobble  (North)  Mountain,  about  tbree-fourt 
mile  north  of  the  Macia  mine,  and  is  known  as  the  Stickett  mi 
this  part  of  the  vein  there  was  a  considerable  quiiiillty  of  m 
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that  was  practically  free  from  coriiiKiiiin  and 
ore.  This  mine  was  worked 
very  extensively  over  twenty 
years  ago,  but  had  been  aban- 
doned- until  1899,  wheu  it 
WAS  reopened.  The  old  works 
were  near  the  highest  point  of 
the  vein,  on  the  slope  of  the 
mountain,  and  were  worked 
for  about  30  feet.  The  new 
work  WHS  started  117  feet  be- 
low the  mine,  and  a  tunnel 
from  the  east  side  watt  run  114 
feet  to  the  vein.  When  this 
was  reached  a  shaft  and  tun- 
nelBwerestart«d.  Atthisiniue 
the  corundum  occurs  in  what 
might  be  called  porph>ritR 
crystals  of  a  bninze  color 
which  are  from  5  to  15  mm 
across.  Here  blue  Hnd  white 
masses  of  corundum  weighing 
Bcveral  pounds  have  been 
found,  and  small,  well-fornuHl 
blue  crystals  are  also  frequent 
A  little  north  uf  this  mint  in 
8D  old  opening,  a  cross  ^eln 
of  chlorite  was  encouiiterwl 
which  carried  a  great  many 
almost  perfect  cubes  of  pyritc 
and  radiating  groups  of  black 
tonrmaline. 

The  last  opening  on  the  vein 
where  there  has  been  any  woi-k 
isAt  the  Snow  mine,  over  amile 
north  of  the  Sackett  mine.  A 
small  open  cut  was  made  that 
exposed  the  vein,  3  feet  in 
width.  Between  these  two 
mines  and  also  from  the  Snow 
mine  north  to  the  river  t)ic 
vein  can  be  followed  almost 
continuously. 

While  the  vein  can  be  foi-  ' 

lowed   nearly  the   whole  dis- 
tance, the  emery  does  not  occar  throughout  ii 


was  mined  as  an  iron 


L'litire  lengtii,  for  it  is 
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often  ill  a  series  of  pockets  that  ai'e  frequently  connected  with  each 
other  along  the  strike  by  a  thin  streak  of  chlorite  and  have  a  general 
dip  in  the  vein  of  about  N.  30°.  In  the  direction  of  the  dip,  however, 
the  emery  is  more  or  less  continuous.  The  width  of  the  vein  varies 
from  a  few  feet  to  10  or  12,  with  an  average  width  for  the  emery  of 
about  0  feet.  This  is  the  most  extensive  deposit  of  emery  known  in 
this  country. 

Emery  has  also  been  discovered  in  the  vicinity  of  Eluntington,  Mass., 
but  no  development  work  has  as  yet  l)een  done. 

NEW   YORK. 

The  emery  deposits  of  this  St^te  occur  associated  with  the  norite 
rocks  in  Westchester  County  that  have  been  described  on  page  26. 
Deposits  of  magnetite  and  emery  have  been  found  at  a  number  of 
places  3  to  4  miles  southeast  of  Peekskill.  These  deposits  vary 
considerably  in  character,  some  being  a  nearly  pure  magnetite,  others 
containing  magnetite  and  spinel,  and  still  others  magnetite,  spinel, 
and  corundum.  Those  within  a  mile  north  and  northeast  of  Crugers 
Station  have  been  worked  for  iron  ore,  while  those  worked  for  emery 
are  in  the  southeastern  part  of  Cortland  Township.  The  principal 
ojieniugs  have  been  made  on  a  ridge  running  north  from  Colabaugh 
Pond  and  it  is  here  that  the  ore  has  been  mined.  While  the  iron  ore 
and  emery  appear  to  Iw  very  rich  it  was  found  upon  examination  that 
there  was  more  or  less  of  a  dark-green  mineral  mixed  with  magnetite, 
and  this  mineral  wjis  shown  by  Williams  ^  to  be  the  pleonaste  variety 
of  spinel.  There  is  also  considerable  spinel  in  the  emery,  and  even 
when  this  is  quite  abundant  it  can  not  be  distinguished  in  the  hand 
s]M»eimens  from  that  in  which  there  is  almost  none  of  this  mineral. 

At  the  emery  deposits  in  the  southeastern  part  of  Cortland  Town- 
ship the  jwM'centage  of  corundum  varies  considerably  at  different 
openings,  and  it  is  sometimes  observed  in  small  blue,  white,  and  color- 
less crystals.  Associat(Hl  with  most  of  the  corundum  there  is  spinel, 
and  considerable  of  the  ore  that  has  been  mined  for  emery  has  con- 
tain<*d  little  or  no  corundum  and  has  l)een  made  up  of  magnetite 
and  spinel.  An  ore  of  this  sort  would  have  most  of  the  requisite 
properties  of  a  true  emerj'  except  the  high  degree  of  hardness  due  to 
the  corundum;  and  when  made  up  into  a  wheel  it  would  not  have 
the  cutting  efficiency  of  a  true  emery  wheel.  The  spinel,  which  is  8 
in  hardness  (corundum  being  0),  would  play  the  same  part  in  this  ore 
as  (*<)rundum  in  the  true  emery,  and  while  not  so  hard  as  corundum 
it  has  the  cutting  qualities  which  would  give  the  ore  considerable 
value  as  an  abrasive.  For  many  purposes  wheels  made  from  this 
could  be  used  fully  as  well  as  emery  or  corundum  wheels  and  for 
some  purposes  they  might  be  used  to  better  advantage.  The  spinel 
would  not  interfere  at  all  in  the  manufacture  of  a  vitrified  wheel. 
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Some  of  the  ore  that  has  been  mined  here  carries  a  very  high  per- 
centage of  garnet. 

The  analyses  that  liave  been  made  of  this  ore  all  show  a  high  per- 
centage of  alumina,  which  was  to  be  expected,  as  the  spinel  is  an 
alumina  mineral,  (MgFe)O.Al203,  containing  about  50  i)er  cent  of 
this  oxide.  An  error  is  very  often  made  in  judging  the  percentage  of 
corundum  in  an  ore  by  calculating  as  corundum  the  total  percentage 
of  alumina  obtained  in  a  chemical  analysis,  which  would  represent, 
however,  the  alumina  contained  in  all  the  aluminous  mineral  compo- 
nents of  the  ore. 

Some  of  the  ore  at  these  mines  is  undoubtedly  a  true  emery,  but  a 
considerable  portion  of  it  is  a  mixture  of  spinel  and  magnetite,  which, 
while  not  a  true  emery,  will  make  a  useful  abrasive.  This  whole  ore 
body  might  be  called  a  spinel-emery. 

From  what  has  been  said  regarding  the  occurrence  of  the  emery  in 
these  IVekskill  deposits,  their  pockety  nature  is  what  would  be 
naturally  expected  and  this  has  been  characteristic  of  all  the  mining 
that  has  been  done  in  this  district. 

The  Jackson  Mills  Company,  of  Easton,  Pa.,  is  now  the  largest 
miner  in  this  section.  It  has  leased  the  emery  deposits  on  the  land 
of  Isam*.  McC-oy,  3  miles  souihejist  of  Peekskill.  Its  principal  work  is 
on  the  summit  of  a  hill  about  one-half  mile  south  of  McCoy's  house 
and  consists  of  an  open  cut  40  to  50  feet  deep,  40  feet  long,  and  12 
to  20  feet  wide.  The  emery  ore  is  from  4  to  0  feet  widc^,  but  is 
broken  up  by  bands  of  serpentine  and  chloritic  rocks.  In  some  of 
the  ore  the  corundum  is  very  distinct,  occurring  in  elcmgated  bluish 
white  crystals  up  to  5  mm.  long.     This  ore  is  very  free  from  garnet. 

Another  deposit  of  emery  has  lx»en  encountered  50  feet  below  the 
summit,  and  still  another  25  feet  farther  down.  No  mining  has  been 
done  at  either  of  these  localities. 

The  ore  is  hauled  by  teams  t^)  Peekskill,  where  it  is  shipped  by  rail 
to  Easton,  Pa. 

On  a  hill  1  mile  ojist  of  the  McCoy  mine  H.  M.  Quinn,  of  Phila- 
delphia, Pa.,  has  mined  on  the  land  of  John  H.  Buckby.  Pockets  of 
emery  were  encountered  on  the  summit  of  the  hill  and  at/  a  numl)er 
of  |)oint.s  on  its  western  slopes  but  they  soon  pinched  out.  About  50 
feet  l)elow  the  summit  a  face  of  rock  15  to  20  fi^et  high  and  40  feet 
aen>ss  luis  bet^n  exposed.  The  only  emery  seen  h(»r(»  is  the  remnant 
of  a  i)ocket. 

As  far  as  could  be  learned  the  emeiy  deposits  of  the  Tanite  (Com- 
pany of  Stroudsburg,  Pa*.,  are  also  leascKl.  They  are  on  the  lands  of 
Henry  Ileady,  Oscar  Dalton,  and  David  Chase,  and  are  for  the  most 
part,  similar  to  the  deposits  just  mentioned.  Thc^  ore  on  the  land  of 
Henry  Ileatly  is  comi;x)sed  largely  of  garnet,  and  a  considerable  por- 
tion of  it  has  been  shipped  by  the  Tanite  Company  to  their  mill  at 
Stroudsburg. 
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NORTH    CAROLINA. 

While  eoriindiim  has  been  known  to  occur  in  quantity  in  this 
State  for  over  thirty  years,  (»mery  has  until  recently  only  been  known 
from  one  locality,  and  here  the  quantity  was  not  apparent!}'  sufficient 
to  be  worthy  of  an}'  development.  This  dei)osit  has  been  described 
by  Genth^  as  occurring  at  the  McChristian  plac«,  7  miles  south  of 
Friendshij),  (Tuilford  County. 

During  the  ])ast  few  years  emery  has  l)een  found  in  Ma<*on  County 
in  what  apiK»ai*s  to  Im^  considerable  quantity.  Nothing  definite  can 
be  stat^Hl  reganling  the  r(K»k  in  which  it  occurs,  as  it  is  great  ly  <lecom- 
post^d  as  far  as  it  has  been  exposed  by  the  excavations.  It  does  liave, 
however,  very  much  th(*  appearance  of  a  decomposed  basic  magne- 
siaii  rock.  There  are  a  numl)er  of  small  outcrops  of  this  saprolitic 
rock  about  5  miles  southwest  of  Franklin,  the  county  seat,  and  emery 
in  varying  quantity  occui's  at  all  of  them. 

These  out<irops,  as  far  as  could  be  judged,  are  isolated  and  in  no 
way  (Connected  with  one  another.  They  are  lenticular  in  form  and 
but  a  few  hundred  feet  wide,  the  longer  axis  l)eing  sometimes  two  or 
three  tinier  this.  While  the  general  dii^ection  of  the  strike  of  these 
outcrops  is  nearly  the  same,  th(\v  are  not  in  even  an  approximate  line 
as  regards  one  another.  For  nearly  15  miles  south  of  these  and  fol- 
lowing the  valley  of  the  Little  Tennessee  River  small  isolated  outcrops 
of  peridotite  are  numerous.  The  country  rock  through  which  these 
have  forced  their  way  is  a  hornblende-gneiss. 

Considerable  mining  was  done  two  years  ago  by  Dr.  H.  S.  Lucas, 
of  Franklin,  at  the  Fairview  mine  near  North  Skeener  Gap,  about  a 
hundred  tons  of  ore  having  been  taken  out  and  cleaned.  The  vein 
has  l>een  tapj)ed  at  intervals  for  a  distance  of  nearly  200  feet,  good 
emery  iHung  encountered  at  each  opening.  All  the  w^ork  done  was 
near  the  summit  of  Fairview  Knob. 

One  mile  N.  25"  W.  of  the  Fairview  mine,  on  the  southwest  slo|)es 
of  Dobson  Mountain,  {mother  opening  has  been  made  for  emery  in  an 
outcrop  of  the  same  rock  on  the  land  of  J.  A.  Waldroop.  A  vein  of 
emery  ore  was  uncovered  here  that  was  15  feet  wide.  No  mining  has 
been  done  here,  all  the  work  being  in  the  nature  of  prospecting. 

Emery  has  been  found  in  similar  outcroj)s  on  the  lands  of  William 
Mann,  three-fourths  of  a  mile  south,  and  of  James  Ledford,  one  and 
one-fourth  miles  S.  30"  E.  of  the  Fairview  mine. 

Preliminary  lire  tests  were  made  upon  the  cleaned  pix)duct  of  this 
ore,  which  proved  it  to  be  well  adapted  for  juse  in  the  manufacture  of 
the  vitrified  wheel. 

METHODS   OF  MININdJ   COIUJXDUM, 

In  considering  the  methods  used  in  mining  corundum,  it  must  be 
borne  in  mind  that  uj)  to  the  present  time  it  has  been  obtained  in  quan- 

>  Bull.  U.  S.  Oeol.  Survey  No.  74.  iHttl,  p.  .TO. 


PRATT]  METHODS    OF   MINING.  73 

tity  only  whei'e  it  has  been  asscjciated  with  peridotite  rocks.  These 
rocks,  as  will  be  shown  later,  present  certain  difficulties  which,  if  not 
overcome,  will  cause  considerable  delay  and  danger  in  mining.  The 
emery  occurring  in  amphibolite  presents  these  difficulties  in  onlj"  a 
slight  degree. 

Nearly  all  of  the  peridotite  formations  in  which  the  corundum 
deposits  occur  ai*e  bold  outcrops  on  the  mountain  sides  and  hilltops, 
having  almost  perfect  natural  drainage.  At  all  the  localities  where 
there  has  been  no  mining  the  little  prospecting  has  been  usually  by 
means  of  open  cuts  supj)lemented  by  tunnels.  While  at-  fii*st  mining 
by  means  of  cuts  may  seem  to  \>e  the  most  advantageous,  it  is  soon 
found  to  be  the  caust^  of  considerable  extra  expense.  These  cuts,  or 
any  other  openings  made  over  the  surface  of  the  peridotite,  offer  a 
much  greater  opportunity  for  surfiice  water  and  frost  to  jK^netrate  the 
mass  of  the  rock  formation.  Thes<^  rocks  are  more  or  less  seamed  or 
cracked,  usually  to  the  depth  that  alteration  can  extend,  and  thus 
offer  opportunities  for  the  infiltration  of  water.  As  most  of  the  alter- 
ation products  of  this  peridotite  formation  an^  slippery  hydrous  mag- 
nesium minerals,  such  as  serpentine  and  talc,  and  as  th(^s(*  are  devel- 
oped in  the  seams  and  cracks  of  the  peridotite,  anything  that  is  done 
to  disturb  them  will  make  them  very  liable  to  slip.  At  the  Corundum 
Hill  mine  tliere  are  large  masses  of  peridotite  that  have  Income  loos- 
ened and  gradually  slipped  down  and  closed  up  some  of  the  tunnels, 
and  there  is  constant  danger  that  fragments  of  the  rock  will  fall  into 
the  cuts  and  some  of  the  tunnels.  At  the  Laurel  Creek  mine,  a  nuiss 
of  peridotite  with  soil,  etc.,  nearly  a  20()-foot  cube,  has  ])ecome  loos- 
ened and  slipped  downward,  effectually  closing  up  the  tunnel  and 
shaft  of  the  Big  vein. 

In  mining  corundum  associated  with  peridotite  rocks  it  is  therefore 
advisable  not  to  break  the  surface  of  the  formation  any  more  than  is 
absolutely  necessary  and  to  do  no  work  at  all  along  the  contact  by 
means  of  open  cuts,  but  to  confine  the  mining  to  a  system  of  tunnels 
and  shafts.  This  method  of  mining  will  be  found  the  cheapest  in  the 
end.  Then,  iigain,  all  the  tunnels  and  shafts  should  be  well  timlH»red 
and  the  mine  kept  as  thoroughly  drained  as  possible. 

A  large  amount  of  the  matei'ial  that  must  be  handled  is  easily 
worked  with  pick  and  shovel,  as  it  consists  of  the  crystals  and  frag- 
ments of  corundum  in  the  zone  of  chlorite  and  vermiculite.  In  those 
veins  in  which  the  corundum  is  assocMated  with  feldsi)ar,  as  at  Laurel 
Creek  and  Buck  Creek,  and  those  where  there  is  considerable  amphi- 
bole  or  enstatite,  as  at  Corundum  Hill,  blasting  is  necessary.  Most  of 
the  corundum  deposits  in  peridotite  are  so  located  that  there  need  be 
but  little  hoisting  of  the  ore  for  some  time.  By  drifting  from  a  shaft 
at  the  upper  end  of  a  tunnel  that  has  been  run  into  the  vein  at  the 
lowest  level  possible  the  ore  can  be  removeil  with  a  minimum  of  hoist- 
ing and  the  mine  will  be  kept  dry. 

If  the  mill  is  locatrcd  some  distune**  from  the  mine  and  a  line  of 
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sluice  boxen  can  1k»  built,  the  more  or  less  finely  divided  ore  may  l)e 
carried  to  it  by  means  of  these.  In  this  way  the  ore  is  partially 
cleaned  by  the  time  it  reaches  the  mill.  This  is  the  method  employed 
at  the  Corundxim  Hill  mine. 

Where  the  corundum  occurs  in  a  ;^eis8,  quartz-schist,  or  syenite, 
there  should  l)e  no  difficulty  in  mining  by  means  of  open  cut.s. 

METIIODH  OF  CLEANING  CORirNDUM. 

The  difference  between  the  commercial  product  and  the  ore  as  it 
comes  from  the  mine  is  that  the  latter  has  been  freed  as  far  as  possi- 
ble of  all  impurities,  so  that  the  resulting  pro<luct  is  or  should  be 
nearly  inive  corundum  or  emery.  Most  of  the  impurities  are  easily 
removed  by  conveyinj^  the  crushed  ore  into  boxes  through  which  a 
stream  of  water  runs,  which  is  so  ri»gulated  that  the  corundum  readily 
settles  to  th(»  bottcmi  of  th(^  trough  and  the  lighter  minerals  are  car- 
ried off.  Before  this,  however,  the  crushed  ore  is  sieved,  and  all 
that  will  not  pass  through  a  No.  12  screen  is  recrushed  and  passed 
between  rollers  until  it  is  I'educed  to  the  desired  size.  This  wash- 
ing process  will  remove  only  the  impurities  that  are  entirely  separated 
from  the  particles  of  corundum,  but  there  are  usually  some  of  the 
impurities  attac^hed  to  the  particles  or  grains  that  have  to  be  removed 
by  anot  h<»r  process.  Th<^  prcxluct  is  passed  through  a  machine  known 
as  the  screw  or  scouring  ma<*hine,  in  which  there  is  a  coarse  worm 
similar  to  the  screw  (»onveyer.  This  grinds  out  almost  all  of  the  impu- 
rities, and  these  avo  sei)arate<l  by  again  subjecting  them  to  the 
wa>shing  process.  The  final  im]mrities  are  separated  from  the  parti- 
cles of  corundum  by  means  of  a  machine  called  the  "muller"  or 
'*  chaser''  (see  PI.  XIV).  The  principle  of  this  is  to  cause  each  grain  of 
corundum  to  rub  against  another  and  thus  wear  away  the  adhering 
foreign  substances.  The  machine  (H)nsists  of  a  shallow  tub,  in  which 
are  two  heavy  wooden  rollers  which  move  ai*ound  its  circumference. 
The  freshly  ground  corundum  on  l)eing  thrown  into  these  tubs  is  kept 
constantly  stirred  up  and  then  pressed  down  by  the  rollers  being 
passi^d  over  it.  In  this  way  the  scouring  motion  is  kept  up  between 
the  grains.  The  impurities  are  thus  gradually  worn  away  and  are 
carried  off  by  a  stream  of  water  that  flows  continually  through  the 
tub.  The  corundum  in  the  tub  is  kept  stirred  up  by  men  with  hoes 
or  by  plow-sliaped  iron  blades  in  front  of  the  wooden  rollers.  It 
usually  re([uires  from  four  to  eight  hours,  according  to  the  nature  of 
the  impurities  that  are  atUi(*hed  to  the  corundum  grains,  to  obtain 
a  clean  product. 

There  are  two  methods  of  drying  this  pro<luct,  by  either  of  which  it 
is  removed  from  the  mullei-s  and  allowed  to  lie  overnight  on  inclined 
floors.  By  one  method  this  product,  is  conveyed  by  elevator  belts  to 
the  second  floor  of  the  mill  and  dropped  vertically  for  a  distance  of 
20  to  30  feet  down  the  stack  of  a  furnace.    At  the  bottom  it  strikes  an 
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inclined  8urfac*e  that  is  just  HlK)ve  tlu*  flumes  of  the  furiiaee  and  slides 
down  this  surface  into  an  in)ii  box.  Bv  the  other  luethod  the  wet 
pnxiuct  is  thrown  in  at  the  iii>i>er  end  of  an  iron  cylinder,  open  at 
both  ends,  which  revolves  alx)ut  a  coil  of  steam  pipes.  One  end  of 
the  cylinder  is  lower  tlian  the  other,  and  the  wet  mass  is  alternately 
carried  up  by  the  involving  cylinder  and  drojiped  on  the  hot  coil  of 
pijics,  and  so  gradually  worked  towanl  the  lower  end,  wliere  it  is 
caught  in  a  hopper  and  conveyed  l)y  elevator  l)elts  to  tlie  sizing  room, 
lien*  it  is  automatically  screened  to  thi*  various  sizes. 

On  PI.  XIV,  A  and  B,  are  views  of  the  exterior  and  interior  of  the 
corundum  mill  at  CuUasagee.  In  the  foreground  of  B  are  the  l)oxe8 
in  which  theoi-e  is  fii-st  washed  and  just  In^yond  these  are  the  mullers. 

Only  within  the  last  few  years  has  any  attempt  been  made  to 
improve  the  methmls  of  ccmcentrat  ing  and  cleaning  corundum.  There 
are  now  a  numlKM*  of  companies  that  have  installed  complete  con- 
centniting  mills,  similar  to  those  used  in  concentrating  gold  on^s,  but 
modified  to  suit  corundum  oiv.  While  all  are  using  jigs  for  the 
coarser  sizes  of  the  crushed  ore,  sonuj  ai'C  using  Frue  vanners  and 
uthei"s  Bartlett  or  Wifley  tabU^s  for  the  finer  sizes.  This  method 
works  very  satisfacrtorily  for  (*oncent rating  the  (corundum,  and  if, 
tluring  the  crushing  and  rolling  of  the  ore,  the  corundum  is  largely 
separat4*d  from  the  associated  nunerals,  a  nearly  cleaned  product 
is  obt^iined.  It  is  necessary,  however,  to  subject  tlie  larger  part  of 
the  concentrates  to  some  pnxicss  similar  to  that  performed  by  mullers, 
to  fn»e  the  grains  of  corundum  from  other  minerals  attivched  to 
them. 

Anew  mac^hine — the  Hooper  pneumatic  concentrator — can  also  prob- 
ably be  used  to  advantage  in  concentrating  corundum  ores. 

Any  other  minerals  that  will  bi?  likely  to  nMuain  with  the  corundum 
in  the  concentrates,  as  garnet,  pyrite,  etc.,  can  undoubt^Mlly  be  sepa- 
rated by  means  of  the  Wetlu^rill  magiu^l  ic  concentrator.  Unless  these 
minerals  are  unattached  to  th(»  particles  of  corundum  there  will  be  a 
considerable  loss  of  corundum  by  this  separation. 

ITSK8  OF  c<>rii:xi>i:M. 

Corundum  is  used  for  only  two  gen(»ral  i)urpos(»s,  as  gems  and  as  an 
abrasive. 

The  varieties  of  corundum  that  are  of  value  as  gcmis  have  l)een 
deseril)ed  on  page  .30,  and  the  many  uses  that  are  madi*  of  the  cut 
stones  in  the  jewelry  trade  are  i-oo  w(»ll  known  to  need  mon*  than  a 
passing  notice  here.  One  us<»  of  thc^  corundum  gem  that  is  ])(»rhaps 
worthy  of  notice  is  in  supplying  jewels  for  watches.  In  a  recent 
notice  from  the  Swiss  agency  of  [)recious  stones  for  watches,  Aarburg, 
Switaserland,  it  said  that  7o,()0(),()(H)  watch  jewels  are  required  annually. 
With  the  increase  of  production  of  gem  corundum  in  this  country  a 
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great  deal  of  the  smaller  fragments  could  and  should  be  utilized  in  the 
manufacture  of  watch  jewels. 

Doth  corundum  and  emery  are  used  in  the  manufacture  of  abrasive 
materials,  and  these  are  on  the  market  in  three  forms,  as  wheels  and 
blocks  of  various  shapes  and  sizes,  as  emery  jmper,  and  as  grains  or 
powder.  The  last  two  nee<l  no  further  explanation,  but  a  description 
of  th(^  first  is  of  importance. 

The  sha]>es  of  the  corundum  and  emery  wheels  and  bricks  or  stones 
an»  extremely  varied,  l)eing  adapted  to  all  kinds  of  grinding.  The 
principle  of  these  whe<4s  is  the  same  iis  that  of  the  rotary  files,  and 
as  th(^  ]H)int*<  of  a  file  l)ecome  dull  from  using,  so  also  do  the  grains  or 
points  of  th(»  emery  and  corundum  in  the  wheel.  In  making  a  wheel 
it  is  necessary,  then^foiv,  t-o  make  it  of  such  a  tt^mper  or  grade  that 
when  these  grains  lM»come  dull  or  rounchnl  they  will  fall  away  or  will 
lie  r(>adily  n^moved  by  a  truing  tool,  leaving  fresh,  sharp  grains 
exposed.  Thc^  grade  of  a  wheel  depends  up<m  the  character  of  the 
work  for  whi(*h  it  is  to  1k^  used,  and  the  bond  should  l>e  such  that  it 
will  w(»ar  away  a  little  faster  than  the  corundum  or  emery,  and  thus 
always  leave  the  sharp  (nlges  ready  for  cutting.  The  greatest  economy 
is  i^fT(*cted  when  the  bond  does  not  wear  away  until  the  grains  of  emery 
or  corundum  have  l)ec(mie  rounded  or  dulled,  thus  permitting  the 
wheel  to  do  its  great-est  amount  of  work. 

Befoi't*  leaving  th(^  factory  all  wheels  should  be  thoroughly  tested  to 
a  higher  strain  than  that  to  which  they  are  to  he  subjected 'in  actual 
use;  as  the  wheels  have  to  Ix*  run  at  a  very  high  velocit}'  in  order  to 
secure  the  greatest  efliciency,  there  is  at  times  J)ut  little  re8er\'e 
strength,  and  a  sudden  blow  will  often  cause  them  to  fly  to  pieces. 

To  give  an  idea  of  the  numl)er  of  different  wheels  that  the  lai-ger 
emery-wheel  companies  are  prepared  to  make,  I  can  not  do  better 
than  to  mention  what  I  saw  and  what  was  told  me  at  the  Norton 
Emery  Wheel  Comi)any,  of  Worcester,  Mass.  The  wheels  are  manu- 
factured for  the  special  work  for  which  they  are  intended,  and  vary 
in  shape,  in  bond,  and  in  gi*ain  of  corundum.  The  sizes  of  corundum 
that  are  used  are  Nos.  12,  U,  ](),  20,  24,  30,  30,  40,  50,  54,  60,  70,  80, 
90,  100,  120,  150,  100,  180,  2(X1,  and  0  grades  of  flour  corundum.  The 
bond  has  20  degrees  of  hardness,  I'epresented  by  the  letters  of  the 
alphalw»t,  although  a  bond  is  seldom  used  softer  than  E  or  harder 
than  M.  There  are  408  different  sizes  of  circular  wheels,  so  that  the 
different  grades  of  wheels  possible  are  almost  unlimited. 

There  are  three  types  of  wheels  known  to  the  trade,  the  vitrified, 
cheniical,  and  cement,  the  names  being  derived  from  the  process  by 
which  thev  are  manufactured.  In  the  manufacture  of  all,  the  corun- 
dum  or  emery  used  is  in  grains  of  uniform  size,  but  varies  with  the 
gra<le  of  wheel  that  is  to  be  made.  The  vitrified  wheel  is  the  most 
importani  and  most  generally  used,  although  for  some  work  one  of  the 
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others  is  preferable,  and  for  very  lar^e  wheels  the  chemical  is  especially 
adapted. 

VITRIFIED  WHEEL. 

In  tlie  manufacture  of  this  wheel  more  care  is  necessiiry  in  the 
selection  of  the  corundum,  for  in  the  vitrifaction  of  the  l>ond  the 
foreign  minerals  containing  water  are  very  likely  to  cause  the  wheel 
to  burst.  The  corundum  grains  arc  mixed  thoroughly  in  a  jwiste  of 
preparefl  clay  and  other  fluxes,  and  the  mixture  is  then  poured  into 
paper  molds  and  set  aside  in  a  drying  room  until  hard  enough  to  be 
readily  handled.  When  the  molds  are  sufficiently  dry,  they  are  sub- 
jected to  a  dressing  or  trimming  process  and  shaptnl  to  aj)proximate 
dimensions  on  a  potter's  wheel  or  shaving  machine,  and  are  then 
further  dried. 

The  excess  of  mechanical  water  having  evaporated,  they  are  then 
ready  for  the  kilns.  The  kilns  are  cone  shaped  and  the  inside  meas- 
ui-ements  vary  from  12  to  20  feet  in  height  and  10  to  18  feet  in  diam- 
et4*r.  When  the  kiln  is  filled  the  entrance  is  ch)sed  and  sealed  and  the 
fires  are  started.  The  temperature  is  allowed  to  rise  slowly,  until  all 
the  wat<>r  of  mechanic^il  admixture  and  of  crystallization  in  the  for- 
eign materials  is  driven  off,  when  the  temperature  is  raised  to  about 
3,000*^,  or  to  a  white  heat,  this  heating  process'requiring  several  days. 
Where  the  foreign  minerals  mixed  with  the  corundum  contain  water 
of  composition  that  is  driven  off  only  at.  a  very  high  temperature,  the 
wheels  are  apt  to  be  broken  by  this  water  coming  off  when  the  t^m- 
pc*rature  of  the  kiln  is  raised  to  the  fusing  j>oint  of  the  ('lay.  The 
cla}'  and  other  fluxes  fuse  and  form  a  porcelain  setting  for  each  grain 
or  fragment  of  corundum,  which  makes  a  very  strong  bond.  The  kilns 
are  allowed  to  cool  very  slowly,  several  days  IxMug  HMjuired  for  this. 
The  kiln  is  then  opened  and  the  wheels  are  brought  to  a  lathe,  called 
the  '*  truing  machine,"  where  they  are  turned  to  the  exact  dimensions 
desinMl,  the  hole  is  l)ushed  to  the  exact  size,  and  the  wheel  is  then 
trued  and  balanced  ready  for  shipping. 

The  heat  necessary  for  the  fusion  fii  making  the  vitrified  wheel 
apparently  has  no  effect  upon  the  corundum  beyond  a  partial  decolor- 
ization  and  the  expulsion  of  the  slight  percentage  of  water  in  the 
corundum. 

CHEMICAL  WHEEL. 

In  this  proc-ess,  which  is  also  called  the  silicate  process,  silicat.(^ 
of  soda  is  used  as  the  binding  material.  The  silicate  is  thoroughly 
mixed  with  the  emery  or  corundum  and  some  drying  material  and 
t-amped  into  molds.  It  is  then  subjected  to  an  *'  oven  ''  heat  for  twenty- 
four  hours,  after  which  it  is  removed  and  finished  according  to  the 
methoil  descril)ed  above  for  the  vitrified  wheels  after  they  are  removed 
from  the  kilns.  Wheels  have  ]>een  made  by  this  i)rocess  that  were 
over  2,000  pounds  in  weight. 


78  CORUNDUM    IN   THE    UNITED   STATES.  [bitll.  IMl 

CEMENT  WHEEL. 

In  the  cement  wheel,  shelUic,  rubber,  linHeed  oil,  and  other  sub- 
stances are  used  as  the  binding  material.  This  makes  a  soft  wheel 
that  is  well  adapte<l  f<n'  roll  and  surface  grinding  when  made  with 
shellac,  and  for  saw  gummers  and  thin  wheels  when  made  with  oils. 

Although  an  examination  of  a  corundum  property  may  show  the 
existence  of  considerable  quantity  of  the  mineral,  no  mining  should 
be  undertaken  until  satisfactory  l^st^s  have  been  made  upon  the 
corundum  to  prove  that  it  has  those  properties  that  will  make  it  of 
value  as  an  abrasive. 

The  value  of  a  corundum  de])osit  as  an  ore  for  abrasive  purxK>8es 
dei)end8  ui;K)n  that  pi*opi»rty  of  tli(?  mineral  which  enables  it  to  retain 
a  sharp  edge,  known  as  a  cutting  e<lge,  when  it  is  crushed  to  grains. 
All  corundums  do  not  hav(^  this  pr()i>erty,  and  while  many  exhibit 
this  in  the  first  stage  of  the  crushing,  the  finer  fragments  and  grains 
do  not.  This  is  more  apparent  when  the  corundum  has  been  made 
into  a  wheel,  for  when  first  used  the  wheel  may  do  good  work,  espe- 
cially if  it  is  a  coarse-grained  wheel,  but  as  it  wears  away,  the  grains 
of  (jorundum  become  rounded,  instead  of  breaking  to  a  cutting  edge. 
In  estimating  the  value  of  a  corundum  deposit,  it  is  therefore  ver}^ 
essential  to  determine  the  a])ra8ive  ([ualities  of  the  corundum. 
Neither  a  chemical  analysis  nor  a  superficial  examination  of  a  corun- 
dum ore  will  determine  its  cutting  qualities,  and  this  can  be  obtained 
only  by  making  the  corundum  into  a  wheel  and  testing  it. 

In  estimating  the  value  of  an  ore  it  is  also  necessary  to  determine 
to  what  degree  of  purity  it  can  In*  cleaned,  or  what  percentage  of  the 
<^omnu»rcial  product  will  be  corundum,  and  also  what  will  be  the 
nature  of  tlu^  foreign  minerals.  A  foreign  nuneral  will  always  be 
softer  than  the  corundum,  and  will  to  a  certain  extent  reduce  it« 
abrasive  power.  Heyond  this,  the  presence  of  a  small  amount  of 
foreign  mineral  does  not  materially  affect  the  value  of  the  corundum 
for  making  a  cement  or  chemical  wheel,  but  is  often  the  reason  for 
discarding  it  in  manufacturing  a  vitrified  wheel,  on  account  of  the 
low  fusibility  of  the  foreign  substance.  (4arnet  is  perhaps  the  most 
objectiona])le  mineral  in  a  corundum  ore,  it  being  very  difficult  to 
separate  it  from  t4ie  corundum,  because*  the  specific  gravity  of  the 
two  is  nearly  the  same.  Corundum  containing  even  a  little  of  the 
garnet  can  not  Ik*  used  in  the  manufacture  of  the  vitrified  wheel. 

OTHER  USES. 

An  attemi)t  has  been  nmde  to  use  corundum  as  a  source  of  alumi- 
num, but  on  account  of  its  refractoriness  and  the  percenta-ge  of  ferric 
oxide  and  silica  tHat  it  often  contains,  and  on  account  of  the  cost  of  the 
ore,  this  use  has  not  l>een  found  feasible. 
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The  late  Mr.  Alfred  E.  Hunt,  of  Pittsburg,  Pa.,  made  the  following 

statement:^ 

The  real  difficulty  which  we  find  in  the  nse  of  comndnm  for  this  manufacture 
is  the  coet  of  the  raw  material  as  compared  with  that  of  native  banxites.  In  this 
item  we  include  not  only  the  price  of  the  Corandnm  as  it  has  been  offered  to  as, 
bnt  also  the  expense  of  grinding  it  to  an  impalpable  powder,  which  must  be  done 
before  it  can  be  used  directly  in  the  manufacture  of  aluminum,  and  the  cost  of 
preliminary  chemical  treatment  for  purification— which  latter  operation,  however, 
is  also  required  for  bauxite. 

Ck>rundum  has  also  been  used  as  the  source  of  the  aluminum  in  the 
manufacture  of  aluminum-copper  and  aluminum-iron  alloys.  In  the 
manufacture  of  these  the  corundum,  without  undergoing  any  previous 
treatment,  was  charged  into  an  electric  furnace  with  a  mixture  of 
carbon  and  copper  or  carbon  and  iron,  according  to  wliether  aluminum 
oronze  or  ferro-aluminum  was  desired.  Since  180<),  however,  when 
alumina  began  to  1k»  manufactured  at  a  comparatively  low  price,  this 
artiftcial  oxide  has  been  used  in  the  phice  of  the  corundum. 

COKUKDITM  IX>CAIiITIE8  IN  ^FHK    I^XITKD   8  FATES. 

Under  this  head  are  included  practically  all  the  localities  in  the 
United  States  at  which  corundum  has  been  found,  and  if  they  liave 
been  described  under  the  heading  "Distribution  of  corundum"  they 
are  simply  mentioned  here.  Regarding  the  other  localities,  the  mode 
of  occurrence  is  given  in  most  cases,  and  also  some  idea  of  the  extent 
and  character  of  the  corundum. 

This  list  is  probably  not  complete,  but  it  represents  all  those  local- 
ities that  I  have  visited  and  those  of  wliich  an  authenticated  recoi'd 
oould  be  obtained.     It  is  taken  up  alphabetically  by  States. 

ALABAMA.^ 

DudleyviUe, — Between  this  town  and  Pei-ry  Mills,  Tallapoosa 
County,  corundum  has  been  picked  up  at  a  number  of  places  in  the 
soil,  but  none  has  been  found  in  place.  Peridotite  rocks  have  been 
found  in  the  vicinity,  and  it  is  not  at  all  improbabli?  that  the  corundum 
^as  derived  from  these  rocks. 

Hanover, — Corundum  has  been  found  sparingly  in  Coosa  County 
ill  the  vicinity  of  this  town. 

CALIFORNIA. 

Plumws  County. — An  intei'esting  occurrence  of  corundum  has 
i^cently  l)een  observed  in  the  vicinity  of  Meadow  Valley.  C-utting 
l^he  serpentine  rocks  of  the  eastern  slopes  of  Spanish  Peak  at  an  eleva- 
tion of  about  4,1CK)  feet,  and  1^  miles  west-northwest  of  the  Meadow 
Valley  post-office,  is  a  series  of  wliit<j  coarse-grained  dikes  that  are 

» Trans.  Am.  Ins.  Min.  Eng.,  Vol.  XX  VIII.  1«88,  p.  875. 
*  C^eo}.  Survey  AUlmma,  Report,  1H75,  p.  85, 
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composed  of  84  per  cent  of  oligcwlnse  and  10  jHir  cent  of  corundum. 
The  corundum  is  in  crystals  up  to  2  inches  in  len^h  and  1  inch  in 
diameter,  the  g(»neral  habit  l)eing  pyramidal,  and  it  is  distributed 
rather  irregularly  through  the  groundmass  of  feldspar.  This  is  a 
further  illustration  of  the  differentiation  of  a  rock  magma,  supersat- 
urated with  alumina  which  has  crvstallize<l  out  as  corundum.  It  is 
still  uncertain  whether  these  de]>osits  of  corundum  will  prove  to  be 
of  commercial  importance.  * 

COLORADO. 

Chaffee  County, — Corundum  (crystals  have  been  found  at  the  Calu- 
met iron  mines  in  the  mica-schists  at  their  conta(*t  with  intrusive  dikes 
of  diorite.  R.  C.  Hills,  geologist  to  the  Colorado  Fuel  and  Iron  Ck>m- 
pany,  writes  that  the  ore  o<».curs  in  a  band  of  rock  0  inche^s  to  2  feet 
thick  that  has  been  followed  for  a  distance  of  500  feet,  and  that  it 
averages  40  per  cent  of  corundum. 

CONNECTICUT. 

Ijiirlifield. — Coi-undum  was  found  here  associated  with  talc  and 
pyrite  in  a  mass  of  blue  cyanite.     Only  surface  specimens  were  found. 

X(rruHch. — In  the  vicinity  of  this  place  corundum  was  found  spar- 
ingly with  sillimanite. 

DELAWARE. 

C\)rundum  has  been  found  in  this  State  in  the  serpentine  rocks  near 
the  Pennsylvania  Iwjrdcr.  The  only  locality  definitely  known  is  near 
Chandlei-s  Hollow,  in  Newcastle  County,  al>out  2^  miles  south  of  Con- 
cord, Delaware  County,  Pa.     It  has  been  found  only  in  small  quantity. 

GEORGIA. 

Acworfh. — Seven  miles  southwest  of  Acworth,  Cobb  County,  there 
is  a  large  peridotite  formation  which  is  entirely  within  Paulding 
County.  From  a  pit  sunk  within  this  formation  about  1,000  pounds 
of  corundum  were  taken  out.  It  is  of  poor  (luality,  but  makes  hand- 
some mineral  specimens. 

Bf'll  Crrek  mine. — This  mine  is  4  miles  north  of  Iliwassee,  Towns 
County,  and  the  corundum,  mostly  of  a  pink  color,  occure  in  a  peri- 
dotite. The  work  done  consists  of  a  pit  12  feet  square  by  12  feet 
deep.     Only  a  small  quantity  of  corundum  was  found. 

(^entrdlhaU'hvc. — At  this  place,  which  is  in  Heaiti  County,  grayish, 
white,  and  blue  corundum  has  been  found  in  a  matrix  of  hornblende, 
whi(*h  is  associative!  with  basic  magnesian  rocks. 

Douglas  County, — Blue  corundum  in  a.i)ale  greenish  cyanite. 

Foster  mine. — The  corundum  oc(*ui*s  in  quartz-schist.     (See  p.  60.) 

(rahiesvilk  — Beautiful  specimens  of  red  <rorundum  have  been  found 
in  the  i)eridotite  formation  1  mile  east  of  Gainesville,  Hall  Coiintv. 


1  A.  C'.  I^WBon:  Am.  Ueologist,  Vol.  XXVU,  1901,  p.  1;K;  J.  A.  Edman,  lettent  from. 
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Hal>ersham  County. — C'oruiiduin  lias  been  found  as  siirfa<»e  speci- 
mens at  a  number  of  localities  in  this  county,  and  at  one  place  in  the 
peridotite  formation.  There  have  been  no  developments  and  there 
are  no  indications  of  any  quantity. 

HnmUUni  mine. — The  corundum  occurs  in  a  peridotite  formation 
al)Out  5  miles  north  of  Youn^  Harris,  Towns  County.  No  large 
quantity  has  been  found. 

Hog  Creek  mine. — This  mine  is  2  miles  a  little  south  of  west  of 
Hiwassee,  Towns  County,  Init  it  lacks  development.     The  corundum 
is  associated  with  peridotite,  and  is  pink,  blue,  and  white. 
Laurel  Creek  mine. — In  peridot it<^     (See  p.  63.) 
Mcmroe. — Four  and  a  half  miles  from  Monroe,  Walt^^n  County,  on 
the  farm  of  George  W.  Breedlove,  black  corundum  has  been  found 
associated  with  peridotit^i  rocks.     Some  little  prospecting  done  here 
has  been  within  the  formation  and  some  near  the  contact. 
Pine  Mouniainy  Rabun  Cfninfy. — In  peridotite.     (See  p.  6:3.) 
Porter  Sjrrinys. — One  mile   southeast  of  this  place   (in  Lumpkin 
County)  corundum  has  teen  found  in  an  amphilK)lite,  but  there  is  no 
quantity. 

Powd/'v  Sjyrings. — Then*  is  a  considerable  outcrop  of  peridotite  in 
Cobb  County,  in  the  vicinity  of  Powder  Springs,  which  offers  a  prom- 
ising i)lace  for  prospecting.  A  small  vein  has  l>een  opened  on  the 
W.  H.  Turner  farm. 

Rabun  Gap. — Several  pounds  of  corundum  have  teen  obtarined 
from  the  Beavett  mine;  it  oc»curs  in  a  j)eridotite  rock. 

TelionviUe. — One  mile  north  of  this  town,  in  Forsyth  County,  sur- 
face specimens  of  corundum  w^ere  found  which  evidently  originated 
in  the  quartz-schists  of  this  region. 

Stone  mine. — This  mine,  which  is  in  the  same  general  formation  as 
the  Track  Rock  mine  (see  p.  65),  is  in  Rabun  County.  Only  a  little 
development  has  teen  undertaken  and  the  i)rospect  that  the  deposit 
may  be  valuable  is  not  very  favorable. 

Thomaston. — Seven  to  8  miles  southwc^st  of  Thomaston,  l^pson 
County,  considerable  corundum  ha«  been  found  on  the  surfa<*e  at  the 
old  Kelly  farm.  Some  of  the  specMmens  of  the  corundum  in  the 
matrix  indicate  that  it  was  derived  from  a  mica-schist. 
Track  Rock  mine. — In  peridotite.  (See  p.  65.) 
HV,s/  Point. — A  short  distance  noHheast  of  this  town  (in  Troup 
Guilty)  corundum  has  been  found  sparingly  in  a  narrow  strip  of 
peridotite.     Apparently  no  large  quantity. 

MARYLAND. 

Corundum  has  teen  reported  to  occur  in  the  vicinitv  of  Whitehall, 
but  no  definite  information  can  te  obtaincil  that  any  has  been  found 
here  beyond  a  stray  surface  specimen. 

Bull.  180—01 6 
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MASSACHUSETTS. 

Ch^^f^r. — Kinery  in  aini)liil)oliU^     (See  p.  07.) 
Hu7itin(jf/)ti. — Emory  in  amphilwlite.     (See  p.  70.) 
Pelham, — Corundum  in  saxonite.     (See  p.  19.) 

MONTANA. 

Amerirmi  Bar. — The  lowest  bar  on  the  Missouri  River  on  which 
sapphires  have  been  found.     (See  p.  47.) 

Coffomvood  Creek, — In  the  gravels  of  this  ereek  greenish-colored' 
sapphires  have  been  found.     (See  p.  51.) 

Dana  Bar, — A  bar  in  the  Missouri  River,  in  the  gravels  of  whrich 
sapphires  have  bi*en  found.     (See  p.  47.) 

Eldorado  Bar. — Sapphires  in  the  gravel.     (See  p.  47.) 

KvieraM  Bar. — The  highest  bai*  on  the  Missouri  River  in  which 
sapphires  have  been  found.     (See  p.  40.) 

French  Bar. — Sapphin^s  have  been  found  in  a  small  dike  of  andes- 
ite.     (See  p.  47.) 

(rallafin  County. — Corundum  in  syenite.     (See  p.  66.) 

Maypie  G-uJrh. — Pale-greenish  sapphires  have  been  found  in  the 
gravel.     (See  p.  47.) 

ytetrojMdifnn  Bar. — Sapphires  occur  in  the  gravels.     (See  p.  49.) 

Missouri  Hirer  bars. — In  the  various  bars  along  the  Missouri  River^ 
18  miles  ejist  and  northeast  of  Helena,  sapphires  have  been  found  in 
the  gravel.     (See  p.  47.) 

Rock  Creek. — All  colors  of  sapphin^s  are  found  in  the  gravel  of  this 
creek.      (See  p.  oO.) 

R\d)y  Bar. — Sapphires  occur  in  an  andesit^  dike.     (See  p.  47.) 

Spokane  Bar. — A  bar  of  the  Missouri  River  where  the  most  mining 
has  ])een  done  for  sapphires  that  occur  in  the  gravels.     (See  p.  48.) 

Yoyo  Gulch. — Blue  sapphires  occur  in  a  dike  of  minett«.  (See  p. 
52.) 

NEVADA. 

Silver  Peak. — Corundum  has  be(»n  n^ported  frcmi  near  this  plae^. 

NEW  JERSEY. 

Franklin  Furnace. — A  small 'pocket  of  corundum  has  been  found 
here  associated  with  dolomitic  limestone. 

Newton. — Blue  and  white  corundum  occurs  in  a  whitish  feldspar 
near  the  contact  of  the  granitic  rock  and  white  limestone. 

Vernon. — Small  pockets  of  corundum  in  limestone,  but  not  in  great 
quantities.     (See  p.  36.^ 

NEW  YORK. 

Amity. — Blue  and  wliite  corundum  has  been  found  in  the  limestone 
near  Amity  and  Warwick,  Orange  County.  Does  not  occur  in  large 
quantity. 
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Peek.skill. — A  short  dislAuce  east  of  Peekskill  emery  is  foiiiul  in  basic 
maf^^nesiaii  rocks  in  some  quantity.     (See  p.  70.) 

NORTH  CAROLINA. 

Acme  mini'. — This  mine  is  located  al)out  three-quarters  of  a  mile 

west  of  Statesville,  Iredell  County.     The  corundum  occui-s  in  crystals 

in  an  amphibolite. 

Addie. — Crystals  of  <?orundu?u  have  been  found  sparingly  associated 

with  the  peridotit<>  rocks  in  the  vicinity  of  Addie,  Jackson  County. 
Bad  Creek  mine. — Corundum  associated  with  peridotite.     (See  p. 

62.) 

BakerftriUe, — Corundum  crystals  have  been  found  sparingly  in  the 

gneiss  at  William  Bowmans,  three-fourths  of  a  mile  west  of  Bakers- 

ville,  Mitchell  County. 

Behr  iuiiie, — This  mine  is  near  Elf  post-office,  on  Shooting  Creek, 

Clay  ('ounty.     Pink  and  white  corundum  have  l)een  found  associated 

with  peridotite  rocks. 

Belis  hn'dye. — Crystals  of  black  corundum  occur  in  an  amj)hibolite 

8  miles  northwest  of  Statesville,  Iredell  County,  on  th<»  Iluntor  farm. 
Beits  Gap. — Corundum  in  splendid  grayish-white  crystals  that  are 

translucent  ai-e  found  in  the  gneiss  to  the  south  of  the  gap  in  Jackson 

County.     Garnet  also  occui*s  in  the  gneiss. 

Blue  Rtdye  properiies. — Cor'indum  occui-s  in  gneiss.     (Si»e  p.  5\K) 
Brockton  mine. — Corundum  occurs  in  the  i)eridotite.     (See  p.  61.) 
Biu:k  Creek  mine. — Also  known  as  the  Cullake<Miee.     Is  in  a  peri- 
dotite fonnation.     (See  p.  oH.) 

Burnt  Rock  mine. — In  a  peridotite  formation.     (See  p.  01.) 
Cater  Fork. — Ruby  mine,  the  crystals  being  found  in  the  gravels  of 
the  creek.     (Si^e  p.  40.) 

Coney  Fork. — Two  miles  above  the  mouth  of  this  creek,  in  Jackson 
County,  corundum  is  found  in  th(»  cblorite-scJiist  in  considerable 
quantity.  At  many  points  along  this  civek  and  its  tributaries  corun- 
<lum  has  iM'sen  found  in  the  chlorit4»-s(^hists  and  in  gneiss  near  these 
schists,  as  at  the  mouth  of  and  also  L*  miles  up  Chastains  Creek  and 
^n  Shoal  Creek  Mountains  on  t.lu»  West  Fork. 

Carpent^j's  Knoh. — Along  the  ridge  leading  northwest  from  Car^Hin- 
t^rs  Knol),  near  the  border  of  Burke,  C'leveland,  and  Catawba  coun- 
^^es,  corundum  in  grayish-blue  tapering  crystals  is  found  associated 
^ith  garuetiferous  gneisses  and  schists. 

Carter  mine. — Corundum  occurs  in  a  peridotite  formation  asso- 
ciated with  spinel.  Considerable  work  was  done  here  ten  years  ago, 
^ut  since  then  the  mine  has  l)een  idle.  This  locality  ofTers  a  some- 
what promising  prospect. 

Celos  Ridge. — Corundum  crystals  2  to  3  inches  long  have  been  found 
sparingly  in  the  decomposed  gneiss  on  this  ridge  8  miles  southeast  of 
Bumsville,  Yancey  County. 
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Chdstftin.s  (U'nk. — See  hImivo,  under  ('Hney  Fork. 

Chunky  (riti  Mofinf4this. — CoruiHluin  lias  1xh.mi  found  in  the  liands 
of  ([uarlz-sehisls  and  gneiss  of  whieh  tlie  ('huuky  (thI  Mountains  are 
composed.  (Tarnet  is  assoeiat^ed  with  the?  eorunduui,  which  forniH  a 
very  small  jiereeiita^e  of  the  n)ek.  This  oceurrenee  is  deserilK»<l  on 
page  34. 

Collins  mine. — Fink  eorundum  in  cyanite  (K'eiirs  at  this  mine  near 
Stat^^sville,  Iredell  County. 

(Jorunduni  Hill  mine, — Tin*  <*orundum  at  this  mine  occurs  in  a 
peridotite.     (See  p.  55.) 

Coiree  Vdlley. — Ruby  and  i*e<l  corundum  are  found  in  the  alluvial 
deposits  of  tliis  valley,  many  of  which  are  transparent.  (See  descrip- 
tion of  ruby  mine,  pp.  40-44.) 

Coireeta, — Pink  corundum  is  found  in  a  gn^Miish  cyanite  at  this 
place,  in  Macon  County. 

Cullnkeenee  mine. — Same  as  the  Buck  Cn^ek  mine. 

CuUa^agee  mine. — This  is  the  same  as  the  Corundum  Hill  mine. 

Democraf. — Corundum  has  been  found,  sparingly  associated  with 
the  peridotite  rocks,  a  little  to  th(»  south  of  this  place,  in  Buncombe 
County. 

Elf. — Beautiful  specimens  of  pink  corundum  art^  found  in  the  green 
amphibolit-i^     Occasionally  there  are  blue  pieces  in  this  rock. 

Egypt  mine. — "I'his  mine  is  located  in  Yancey  County,  10  miles  west 
of  Burnsville,  and  the  corundum  is  in  a  peridotite.  It  is  in  crystal- 
line masses  and  distinct  crystals  of  a  white  color,  often  mottleil  with 
blue.  This  occurrence*  is  interesting  as  being  the  only  one  where 
corundum  has  been  found  surnninded  directly  by  dunite. 

Ellijay  Creek. — Corundum  has  been  found  at  many  points  in  the 
valley  of  this  creek,  associated  witli  peridotite  rocks.  The  more 
important  of  these  are  the  Mincey,  llaskett,  and  Higdon  mines. 

Fairvuiw  mine. — At  this  min<»  emery  occurs  in  basic  magnesian 
rocks.     (See  p.  72.) 

Fislihatck  Mountain. — At  an  elevation  of  4,(KX)  feet  on  the  western 
slope  of  this  mountain,  on  Hickory  Knoll  Crei^k,  in  Macon  County, 
corundum  has  Ihmmi  found  sparingly  in  a  small  outcrop  of  dunite. 

Foster  mine. — Near  the  summit  of  Chunky  Gal  Mountains,  near  the 
headwaters  of  the  northern  fork  of  Shooting  Creek,  in  Clay  County, 
corundum  occurs  in  peridotite.     (See  p.  60.) 

Gastmi  Countij. — Blue  corundum,  associated  with  mica  and  quartz, 
has  been  found  at  Chubbs,  Chrowders,  and  Kings  mountains  in  this 
county.     Emery  also  has  been  found  at  Chrowders  Mountain. 

OlenviUe. — Four  mih^s  north  of  this  town,  in  Macon  County,  corun- 
dum occurs  in  chlorite-scliist  similar  to  that  on  Caney  Fork. 

Gray  property. — Corundum  in  peridotit(».     (See  p.  58.) 

Orimsluiw  Gem  mine. — Sapphires  of  various  colors  have  been  found 
at  this  mine  in  peridotite.  It  is  near  Montvale  post-office,  Jackson 
County.     (See  p.  45.) 
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Hampton  mine. — Same  as  Mine  Fork. 
Hdskett  mine. — ^This  is  given  under  Ellijay  Creek. 
Herbert  mine. — This  mine  is  on  Little  Buck  Creek,  Clay  County, 
and  is  in  a  long,  narrow  arm  of  peridotite  extending  out  from  the 
main  mass  of  the  Buck  Creek  peridotite  formation.  Some  prospecting 
has  been  done  here,  and  although  corundum  has  been  found,  the  main 
m^iss  of  it  occurs  in  connection  with  the  main  mass  of  peridotite. 

Hiijdon  mine. — This  mine  was  worked  for  a  short  time,  and  there 
is  connected  with  it  a  mill  for  washing  and  cleaning  the  ore.  (See 
Ellijay  Creek,  above.) 

Ishel  mine. — Corundum  occura  sparingly  in  what  may  Ik?  a  decom- 
posed Amphibolite.  One  of  the  largest  washinjj;  and  cleaning  mills  in 
the  State  is  at  this  mine. 

Kings  Mountain. — See  Gaston  County. 

MarnhaU. — Corundum  ha«  been  found  in  large  gray  crystals  half 
mile  north  of  the  mouth  of  Big  Ivy  Rivei'  and  3  miles  above  Marshall, 
Madison  County,  on  th(^  surface  of  a  large  amphibolit;e  outcrop.  It 
is  on  the  property  of  G.  C.  llayuie,  of  Marshall.  It  has  also  been 
found  on  the  property  of  Hon.  J.  ('.  Pritchaitl  near  the  same  town. 

MvChruitiann  place. — Emery  of  reddish-brown  and  grayish  colors 
has  been  found  at  this  place,  which  is  7  miles  north  of  Friendship, 
Guilford  County.  The  property  lacks  development.  Surface  speci- 
mens of  corundum  have  also  been  found  here. 

Mincey  mine. — The  corundum  at  this  mine  is  found  in  peridotite. 
(See  p.  58. ) 
Mi^ie  Fork. — Emerv,  associated  with  staurolite. 
Montvale. — At  many  of  the  peridotite  formations  in  the  vicinity  of 
Montvale,  Jackson  County,  corundum  luis  l)een  found.     (See  p.  45.) 

Newfound  Gap. — A  little  to  the  south  of  this  gap,  in  Haywood 
County,  red  corundum  has  been  found  on  the  surface  of  a  small  mass 
of  dunite. 

Nona. — Corundum  in  distinct  crystals  has  been  fcmnd  on  the  sur- 
face, in  the  vicinity  of  gneiss,  at  Nona,  Macron  County. 

Owens  Creek. — Cryst>als  and  grains  of  corundum  have  l)een  found 
inbowldera  of  cyanite  near  the  mouth  of  this  creek,  in  Transylvania 
County. 

Presley  mine. — This  mine  is  hx^at^d  4  miles  north  of  C/anton,  Hay- 
wood County.  The  corundum,  of  a  blue  and  bluish-gray  color, 
occurs  in  a  pegmatitic  dike. 

Reed  mine. — The  corundum  at  this  mine,  whi(*h  is  (>  miles  e^ist  of 
franklin,  Macon  County,  occurs  in  a  saprolitic  rock,  and  is  in  small 
prismatic  crystals  of  a  bluish  color,  some  of  whic^h  are  nearly  trans- 
parent. 

Retreat. — Near  lietreat  post-officii,  in  Haywood  County,  corundum 
has  been  found  in  limited  (quantity  in  snuiU  (M^gmatitic  dikes  in  the 
gneiss. 
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Sdpphire. — Tlie  iiiinos  in  the  vicinity  of  this  town  are  described  on 
page  <>1. 

Sapphire  m ine,  — The  C4)runduin  (X*<5ur8  in  peridotite.     (See  p.  6 1 . ) 

Hcdhj  Moui^ain. — The  corundum  chjcufh  in  quartz-schist.  (See 
p.  OO.) 

Sheffield  viine. — The  corundum  at  this  mine  is  in  aniphilH)le-schi8t. 
(See  p.  e58.) 

Hkeener  Gap. — Kniery  is  found  here  in  a  basic  magnesian  rcwk.  (See 
p.  7l>.) 

Shntijjs  F(yr(h — At  this  phvce,  in  Burke  (-ounty,  tHirundiim  has 
b<^en  found  associated  with  fibrolit4». 

Socratea  mine, — One  of  the  mines  in  the  viciinity  of  Sapphire. 
Corundum  occurs  in  peridotite.     (See  p.  f)2.) 

Swainianoa  Gap. — Float  corundum  has  heeu  found  near  an  out- 
crop of  i>eridotite. 

Thuvipimj  Creek. — Corundum  has  been  found  in  rough  no<lnles 
and  flat  crystals  in  gneiss  on  the  property  of  Curtis  Ije<lford  and  C.  C. 
Patterson,  on  this  creek,  Macon  County. 

Turkey  Kvoh. — On  the  summit  of  this  mountain,  near  the  Maeon- 
Jackson  county  line,  corundum  has  bwm  found  sparingly  in  gneiss. 

JValilrtHfp  min^'. — Emery  has  Ihm^u  found  in  a  basic*  magnesian  rock. 
(S(»e  p.  72.) 

Walayua  mine. — Same  as  the  Reed  nunc. 

[Vest  MUis. — Ke<l  and  iiibv  corundum  have  l>een  found  in  the  old 
gravel  IkmIs  of  the  streams  on  the  West  farm,  near  West  Mills,  Macfon 
County. 

Whif^iraf^.r  mine. — The  corundum  is  in  i>eridotite.     (Si»e  p.  (>3.) 

Winston  Salem. — Near  this  place,  in  Forsyth  ('ounty,  emery  has 
l)e(*n  found  similar  to  that  at  the  McChristian  plac;e. 

Yelloiv  Mtiuntniii. — The  gneisses  of  this  section  cany  a  small  per- 
centage of  corundum.     (See  p.  (>().) 

PENNSYLVANIA. 

Blaekhorse. — Slender  grayish  cryst^ils  of  corundum  have  been  found 
at  this  place,  which  is  near  M(Mlia,  l)<»laware  C'Ounty.  This  has  been 
found  inclostMl  by  fehlspar. 

Fremont. — Near  this  places  in  West  Nottingham  Township,  Chester 
C-ounty,  corundum  crystals  have  been  found,  surnmnded  by  feldspar. 

Mineral  Hill. — Corundum  crystals  have  been  found  at  this  place, 
which  is  near  Media,  in  Middletown  Township,  Delaware  County, 
which  were  surrounded  by  feldspar  similar  to  that  at  Blackhorse. 

Xetvlin. — See  under  Unionville. 

Shimerville. — At  this  place,  in  Lt^higli  County,  corundum  crj^stals 
up  to  S  inches  in  length  and  4^  inch<»s  in  diameter  have  been  found 
loose  in  the  soil. 

Unionville. — In  a  large  mass  of  serpentine  rocks,  1  mile  northeast 
of  this  village,  corundum  has  been  found.     (See  p.  66.) 
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VUlagegrieetu — Lanrge  crystals  of  coruiiduin  of  a  brownish  color  aW 
found  near  this  villas,  in  Aston  Township,  Delaware  County. 

West  Chester — Corandum  has  been  found  in  a  serpentine  of  this- 
township. 

SOUTH  CAROLINA. 

Anderson  County, — Corundum  has  been  reiK)rted  from  this  e^>unty, 
but  none  has  been  found  in  place. 

Energy. — See  York  County. 

(iaffney. — Corundum,  usually  of  a  gray  color  and  in  irregular  masses 
up  to  3  or  4  inches  in  diameter,  has  been  found  about  8  miles  north- 
west of  Gaffney,  on  the  Island  Ford  road,  near  Maud  post-office,  on 
the  Turner  Phillips  farm.  It  has  not  been  found  in  situ,  but  in  the 
jH'Hvels  of  a  email  stream  and  as  loose  fragments  in  the  fields  on  the 
adjoining  slopes.  The  fragments  and  what  few  crystals  liave  been 
found  are  generally  free  from  gangue,  but  some  have  been  found 
with  mica  scales  att^iclied  to  them.  It  Is  not  at  all  improbable  that 
this  corundum  was  derived  from  a  mica-schist. 

lAiureiUi. — About  \\  miles  northeast  of  this  town,  in  LaureuB 
County,  corundum  has  been  found  rather  abundantly  scattered  over 
the  surface.  This  surface  corundum  has  l)een  found  for  a  number  of 
miles  U)  the  southwest  of  this  town.  Although  no  corundum  has 
l)een  found  in  place,  it  was  probably  derived  from  a  mica-schist,  for 
the  country  rock  in  this  section  is  largely  a  schist,  and  corundum 
crystals  were  found  with  portions  of  the  mica-schist  attached  to 
them.  The  crystals  are  all  rough,  and  vary  from  small  ones  to  some 
that  were  over  3  inches  long  and  1  inch  in  diamet^»r. 

Oconee  County. — Corundum  has  been  found  on  the  surface  in  this 
county,  but  none  has  been  found  in  place. 

York  County. — In  the  northern  part  of  tliis  county,  at  Energy, 
near  the  North  Carolina  line,  a  black  corundum  has  been  found  quite 
abundantly.     (See  p.  Gr>.) 

UTAH. 

It  is  reported  that  a  large  deposit  of  corundum  was  found  in  this 
State  during  the  past  year,  but  no  accurate  information  has  been  thus 
far  obtained  regartling  location  or  quantity. 

VIRGINIA. 

Ijouisa  County. — Deep  blu(»  crystals  of  corundum  have  l)een  found 
in  the  soil  in  this  county,  but  the  exact  locality  is  not  known. 

Stuart, — Corundum  has  been  found  in  a  mica-schist  i^ear  this  place 
on  Bull  Mount4iin.  (See  p.  .'35.)  No  development  of  the  occurrence 
has  been  made  to  determine  the  extent  of  the  dejxosit  or  the  x)ercent- 
age  of  corundum. 
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ALASKA.! 

Copper  River, — Asteriated  corundum  of  gray  and  pink  colors  is  said 
to  occur  in  a  locality  on  Copper  River,  Alaska. 

CORUNDUM  liOCAIilTIES  IN  FOREIGN  COUNTRIES. 

With  the  exception  of  the  emery  deposits  of  Turkey  and  the  Gre- 
cian Archipelago  there  were  no  localities  outside  of  the  United  States 
where  corundum  had  been  mined  for  abrasive  purposes  until  during 
the  last  year  or  two,  when  work  was  begun  at  the  India  deposits.  As 
preparations  are  being  made  to  work  both  these  and  the  Canadian 
deposits  on  a  large  scale,  it  has  seemed  to  me  that  a  short  descrip- 
tion of  them  would  be  of  interest  and  of  value.  I  have  also  added  a 
short  description  of  the  emery  deposits  of  Turkey  and  the  Grecian 
Archipelago. 

CANADA. 

The  Canadian  corundum  localities  that  are  attracting  considerable 
attention  at  the  present  time  are  in  the  Province  of  Ontario,  and  have 
been  recently  described  by  Prof.  W.  G.  Miller,^  of  the  Kingston  School 
of  Mines.  The  corundum  occurs  as  a  primary  constituent  of  a  rock 
that  is  classified  as  a  syenite  and  has  been  traced  for  over  50  miles 
across  Renfrew,  Hastings,  and  Haliburton  counties,  with  smaller  belta 
of  the  same  rock  in  Peterborough,  Lanark,  and  Frontenac  counties  to 
the  south,  making  a  total  distance  of  nearly  100  miles  in  which  the 
corundum-bearing  rock  has  been  found. 

The  rock  varies  from  a  normal  syenite  to  a  nepheline-syenite  and  a 
mica-syenite.  Corundum  has  been  found  in  all  three  of  these  vari- 
ties,  but  is  more  abundant  in  the  normal  syenite,  and  this  rock  has 
been  named  corundum-syenite.  These  rocks,  which  occur  as  dikes 
cutting  through  the  gneisses,  are  sometimes  in  large  masses  that 
appear  to  grade  into  a  granite.  The  width  of  the  dikes  varies  greatly, 
but  is  usually  several  feet ;  a  few  have  been  observed  that  were  onl}'' 
a  few  inches  wide.  These  dikes  are  sometimes  thickly  studded  with 
corundum  crystals.  Assays  made  of  this  rock  from  various  parts  of 
the  dikes  indicate  that  it  will  average  about  12  per  cent  of  corundum. 
If  the  corundum  can  be  mined  economically,  and  if  tests  of  the  com- 
mercial corundum  obtained  from  the  ore  show  that  it  has  the  abrasive 
qualities  essential  to  make  it  of  use  in  the  manufacture  of  vitrified 
wheels,  these  deposits  should  become  of  considerable  importance. 

The  Canada  Corundum  Company,  Limited,  has  been  organized  and 
has  begun  mining  operations  on  the  corundum  deposits  in  the  ex- 
treme northwestern  part  of  Raghin  Township,  Renfrew  County, 
Ontario,  about  7  miles  southwest  of  Combermei'e.     The  corundum 


'  Twentieth  Ann.  Rept.  U.  S.  Geol  Survey.  Part  VI,  1K»9.  p.  670. 

»  Reiwrt  Bureau  of  Mines,  Toronto,  Can..  Vol.  ViII.  Part  H,  l«9a,  pp.  80&-£4O. 
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here  occurs  iu  the  normal  syenite.  A  corundum  mill  has  been  erected 
that  will  have  a  capacity  of  5  tons  of  cleaned  corundum  a  day. 

This  company  also  owns  corundum  deposits  on  the  York  River 
in  Carlow  and  Dungannon  townships,  Hastings  County.  At  these 
localities  the  corundum  occurs  in  a  nepheline-syenite,  and  while  it  is 
apparently  of  superior  quality  to  that  found  in  Raglan  Township,  the 
percentage  of  corundum  is  not  as  high.  No  mining  is  being  done  by 
the  company  at  these  York  River  localities. 

The  manager  of  the  company  is  Mr.  B.  A.  C.  Craig,  of  Toronto, 
Canada. 

Miller'  has  described  siHH^imens  of  corundum  from  Methuen  Town- 
ship, Peterborough  County,  tbat  arc  entirely  inclosed  by  mica.  He 
says:  "The  corundum  is  often  not  observed  in  the  mica  until  the 
latter  is  broken  open,  when  it  is  found  forming  the  center  or  core  of 
the  mass.  The  rounded  surfaces  of  the  corundum  and  other  charac- 
teristics leads  to  the  belief  that  the  masses  of  light-colortni  mica  are 
secondary  i>roducts  after  corundum."  This  very  closely  resembles 
specimens  of  corundum  surrounded  by  mus(H)vite  mica  that  have  been 
found  at  the  Presley  mine  in  Haywood  County,  N.  C.  (si*c  p.  S5), 
in  which  the  muscovite  is  undoubtedly  a  secondary  i>roduct  after  the 
corundum. 

In  the  township  of  South  Sherbrooke,  Lanark  County,^  corundum 
has  l)een  found  in  a  rock  that  is  made  uj)  of  a  basic  plagioclase  feldspar 
and  green  hornblende,  and  has  been  called  anoilhosite  by  Miller.  It 
is  moi'e  basic  in  character  than  the  typical  varieties  of  this  rock  that 
have  been  described  from  other  parts  of  Canada.  The  width  of  the 
belt  of  rock  is  nearly  three-quartei*s  of  a  mile  and  the  corundum  is 
found  throughout  the  whole  distance.  It  occurs  in  crystals  of  an 
almost  uniform  light-gi-ay  to  white  color  Uiat  are  usually  about  half 
an  inch  in  diameter,  the  largest  ones  being  one  and  a  quarter  inches 
long. 

INDIA. 

The  corundum  dejiosits  of  India  have  been  describtHl  by  T.  H.  Hol- 
land.' He  gives  the  l^ararapatti  area  in  the  Salem  district  of  the 
province  of  Upper  Burma  as  one  of  the  most  promising  for  the  mining 
of  corundum  for  abnisive  puri)oses.  He  describes  the  corundum  as 
occuring  in  a  matrix  of  deep  flesh-colored  feldspar  which  is  in  bands 
or  lenticular  masses,  and  has  as8ociate<l  witli  it  often  a  considerable 
proportion  of  sillimanit<s  rutile,  opaque  black  and  green  spinel,  and 
biotite.  These  masses,  where  they  have  becMi  actually  seen  in  the 
rock,  are  sometimes  as  much  as  15  fe<^t  long  and  H  feet  in  diameter. 
The  feldspar  rock  is  composed  essentially  of  anorthite  and  hornblende. 


'  Report  Bureau  of  Minos,  Toronto,  ( >ntario,  Vol.  VIII,  Part  II,  ISW,  p.  210. 
'UKioit.,p.  25. 

'Gctology  of  India,  Part  III,  Econouiir  GotAogy,  and  Keport  Bureau  of  MincH,  Vol.  VIII,  IHurt 
11. 1800,  p.  230. 
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and  ill  parts  has  a  ^neissoid  structure,  and  these  portions  carry  the 
corundum.  The  corundum  varies  from  a  deep  purplish  brown  to  a 
dark  greenish  gray,  and  is  in  irregular  nodules  varying  from  a  quarter 
of  an  inch  to  an  inch  in  diameter  and  in  elongated  barrel-shaped  crys- 
tals sometimes  an  inch  long. 

There  an^  two  and  perhaps  more  of  these  corundum-bearing  bands 
that  an^  parallel  to  each  other,  making  the  total  length  of  corundum- 
bearing  rock  that  is  known  over  24  miles.  The  percentage  of  corun- 
dum in  the  rock  is  very  low,  experiments  that  have  been  made  on 
samples  taken  at  diff(!rent  points  on  the  band  showing  the  presents 
of  only  3.5  per  cent. 

Most  of  the  outcrops  of  the  bands  of  corundum  i-ock  have  been  found 
in  connection  with  gneiss,  and  lie  in  lines  that  ai"e  roughly  parallel  to 
the  strike  of  the  gneiss.  Some  of  them  are,  however,  in  close  prox- 
imity to  a  nepheline-syenit^i. 

Specimens  of  corundum  sent  by  Dr.  T.  L.  Walker  from  a  district 
al)out  250  miles  north  of  Calcutta  and  lal>eled  Pipra,  South  Rewah, 
India,  are  apparently  similar  to  those  described  by  Holland.  The 
corundum  is  very  fine  grained  in  api>earance  and  in  nodules  up  to 
2  or  more  inches  long  by  1  or  more  inches  broad,  with  a  pinkish  to 
purplish-brown  color.  These  nodules  are  partially  or  completely  sur- 
rounde<l  by  a  greenish  mica,  whose  folia  are  small  and  rather  brittle, 
and  which  has  been  refem^i  by  Mallet^  to  the euphyllito- variety.  In 
the  mica  there  are  small  rough  crystals  of  tourmaline.  Just  what  the 
occurrence  of  this  corundum  is  I  do  not  know,  but  from  the  general 
api>earan(M^  of  thi^  si)ecimens  it  should  make  an  ore  from  which  the 
corunduni  could  be  readily  separated  and  a  very  clean  product 
obtained.  If  the  conindum  in  the  rock  was  10  to  15  per  cent  of  the 
amount  nM[uired  to  be  removed  in  mining,  this  should  make  a  very 
important  and  profitable  corundum  deposit.  A  limited  amount  of  this 
corundum  is  now  being  imported  by  the  Norton  Emery  Wheel  Ck)in- 
pany,  of  WorcesUn*,  Mass.,  and  is  used  in  the  manufacture  of  their 
India  oilstones. 

In  other  specimens  labeled  Salbanni,  4  miles  east  southeast  of 
Barampur,  Manbhoorn  district,  India,  there  are  blue  crystals  of 
corundum  with  a  rough  hexagonal  j)rism  embed<led  in  a  mass  of  int-er- 
locking  bladed  crystals  of  c^^anite. 

It  is  very  probable  that  nearly  all  of  the  corundum  deposits  that 
are  known  in  India  are  secondary  minerals  and  the  result  of  meta- 
morphism.  Professor  Judd,  in  his  paper  on  the  Rubies  of  Burma  and 
associated  Minerals,*^  says  that  all  the  corundum-bearing  rocks  in 
tlie  districts  of  Southern  Asia  appear  to  be  gneisses  that  sometimes 
pass  into  schists  and  frequently  contain  masses  of  limestone  and 
dolomite. 


>  Min.  India,  18H7,  p.  \»K  aud  Dauas  Miti..  (Ith  edition,  18ft!,  p.  (134. 
'-•  Trans.  Royal  So<-.,  London,  1896,  p.  191. 
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TURKEY. 

The  Turkish  emery  is  obtained  from  the  i>r6vince  or  vilayei;  of 
Aidin,  in  Asia  Minor,  which  embraces  nearly  the  entire  basins  of  the 
rivers  Sarabat  and  Mender.  Smyrna  is  the  principal  town  of  the 
province,  and  is  the  center  of  trade  for  all  the  surrounding?  district 
and  islands.  The  deposits  that  are  now  being  worked  are  on  the 
Gumush  Dagh  Mountain  and  on  the  slopes  of  Ak  Sivri/  which  is  a 
mountiiin  alK)ut  125  miles  to  the  south.  The  former  of  these  de^wsits 
is  about  12  miles  east  of  the  ruins  of  Kphe^sus,  and  just  north  of  the 
river  Mender;  the  latter  is  in  what  J.  Lawrence  Smith -^  descMMbes  {is 
the  Kulah  district,  and  it  is  much  more  inaccessible  than  the  former 
one.  Emery  has  also  been  found  in  small  quantities  near  Adula,  a 
town  about  12  or  15  miles  east  of  Kulah,  and  also  at  Manser,  about  24 
miles  north,  and  at  Allahinan-Bourgs,  al)out  20  miles  south  of  Smyrna. 

The  occurrence  of  the  emery  at  all  these  localit  ies  is  very  similar,  it 
being  eml)edded  in  a  bluish,  coai'se-grained  to  com[)act  nmrble  or  lime- 
stone, resting  upon  mica-slates,  schist.s,  and  gneisses.  It  always  occurs 
in  the  limestone  or  marble;  not  even  a  trace  has  as  yet  been  found  in 
the  other  rocks.  It  does  not  occur  in  a  well-di^fined  vein  but  in  pockets 
scatteivd  irregularly  through  the  rock  that  are  sometimes  up  to  200 
feet  in  length  and  3(X)  feet  in  width.  The  walls  of  these  pockets  are 
very  irregular,  as  the  limestone  intrudes  upon  them,  and  then  recedes 
very  suddenly. 

GRECIAN  ARCHIPELAGO. 

In  a  number  of  the  islands  of  this  archipelago,  emery  has  teen 
found  in  considerable  quantity.  Thi^  most  important  of  these  local- 
ities is  the  islan<l  of  Naxos,  when^  the  emery  is  found  in  large  blocks 
more  or  less  mixed  with  i\\(*  re<l  soil,  and  also  embedded  in  white  marble. 
The dejKisits  are  l(Kfat<»(l  principally  on  the  north  and  east  sides  of  the 
island,  the  best  ore  l>eing  obtained  from  Vothrie,  which  is  i>  miles  from 
the  coast.  Another  oni*  of  the  better  deposits  on  this  island  is  at 
Apperonthos,  which  is  7  miles  from  the  coast.  In  the  southern  part 
of  the  island  the  emery  is  found  near  Yasso.  It  oc(*urs  in  such 
abundance  on  the  island,  in  loose  bowldei*s  and  in  the  soil,  that  there 
has  been  little  need  to  mine*  it  in  the  hard  rock. 

On  the  island  of  Nicaria  <*mery  has  l)(»en  found  in  quality  equal  to 
that  from  Naxos,  but  tht^  (quantity  is  not  so  great.  A  little  was  also 
found  on  the  island  of  Samos.     In  all  these  islands  the  emery  occurs 

• 

iw  a  limestone. 

OTHER  LOCALITIES. 

Corundum  has  been  found  sparingly  at  many  other  localities,  but 
thus  far  it  has  not  l)een  foun<l  in  ([uantity  enough  to  make  the  occurr 
rences  of  economic  importance  as  an  abrasive. 

iTrami.  Am.  IiiHt.  Min.  Eu«.,  Vol.  XXVIII,  18»8,  p.»l6. 
>  Am.  Jour.  Sci.,  2d  Beriee,  Vul.  X,  laW,  p.  357. 
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The  occurrence  of  sappliire  corundum  in  Burma,  Ceylon,  and  Siam 
has  been  mentioned  on  pages  30  and  40. 

Zirkel/  mentions  the  occurrence  of  corundum  as  an  accessory  min- 
eral in  the  amphibolltes  of  northwestern  Austrian  Silesia;  in  the 
chlorite-schist  of  Nischne-Issetsk,  in  the  Urals;  as  a  contact  product 
of  the  diorites  of  Klausen,  in  Tyrol;  in  the  andesite  and  tonalite  of 
the  Eifel;  in  a  contact  product  of  quartz-mica-diorite  on  quartz- 
l)hyllite  in  Val  Moja,  and  similarly  in  the  kersantite  of  Michaelntein, 
Ilarz;  also  in  the  graphite  of  Mtihldorf,  near  Spitz,  in  Lower  Austria. 

Pirsson*^  has  mentioned  th(^  occurrence  of  corundum  in  small  blue 
sapphires  in  the  fresh  basalt  of  Unkel  on  tlie  Rhine  and  Steinheim 
near  Frankfort  on  the  Main. 

Morozewic/."'  has  described  the  occurrences  of  corundum  in  Russia, 
the  chief  of  which  is  in  a  rock  composed  essentially  of  anorthit^  and 
corundum,  together  with  sx)inel  and  biotite.  He  claims  tliat  this  is  a 
new  type  of  alumino-silicate  rock,  and  calls  it  '*kyschtymit."  Other 
ro(^ks  in  the  Urals  that  contain  corundum  are  made  up  almost  exclu- 
sively of  this  mineral  and  orthoclase ;  some  of  these  are  coarse  grained, 
while  othei-s  are  fine.  The  coarse  ones  have  been  called  corundum- 
pegmatite  and  the  finer  ones  corundum-syenite.  These  rocks  m^cur 
as  dikes  cutting  through  gneiss. 

It  may  \ye  that  when  these  corundum-bearing  rocks  of  the  Urals 
have  been  more  specially  examined  as  to  their  economic  value  the}' 
may  be  found  to  contain  a  large  enough  percentage  of  corundum  to 
mak(^  them  of  importancte  as  an  ore  of  this  mineral. 

Dana*  mentions  the  occurrence  of  corundum  near  Canton,  China; 
in  Bohemia,  near  Petschau;  at  Saint  Gotthai*d,  in  dolomite;  near 
Mozzo,  in  Piedmont,  in  white  compact  feldspar;  and  at  Mudgee,  New 
South  Wales. 

Lacroix,  in  a  paper  ^  on  the  metamorphic  and  eruptive  rocks  of 
Ari^ge,  France,  mentions  the  occurrence  of  corundum  in  the  marbles 
of  Meicus  and  Arignac.  In  a  second  paper*  on  acid  inclusions  in  the 
volcanic  rocks  of  the  Auvergne,  France,  corundum  is  said  to  occur 
frequently  in  the  granites  and  gneisses  of  this  section.  He  has  also 
described  the  occurrence  of  this  mineral  in  the  basic  magmas  (basalts, 
trachytes,  and  andesites)  in  Haute- Loire,  France.' 

Salomon^  has  described  the  occurrence  of  corundum  in  phyllites, 
epidote-amphibolites,  and  mica-schists  at  Mount  Aviolo,  in  the 
Southern  Alps.     It  occurs  but  sparingly  in  these  rocks. 


•  Lehrbuch  der  Petrographio,  Loipsic,  lt<fl3,p.461. 
•^  Am.  Jour.  ScL, 4th  series.  Vol.  IV.  IWC,  p.  422. 

=»  Tschormaks  Min.  und  Pet.  Mitt.,  Vol.  XVIII,  pt.  1;  and  Rept. Bureau  of  Mines, Toronto,  Vol. 
VIII,  Part  II,  1«99,  p.  385. 

*  Min  ,  «th  edition,  IWtt,  p.  212. 

"  Bull.  desSt-rv.d.l.  Cart*'  treol.d.  France.  No.  11.  Vol.11;  and  Am.  Nat., Feb..  1801, pp.  138-139. 

«  L(x;. (it. 

'  Bull.  Soc.  Min.  Vol.  XIII. .  IsW).  pp.  10(M(W. 

-.Iour.d.d.a.G.,Vol.XLII.,18W).p.4,'iO;  and  Am.  Nat..  IMJU. pp. 571,672. 
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In  the  dune  sands  on  tho  west  coast  of  Holland,  at.  Sheveningen 
near  the  Hague,  corundum  has  l)een  found  by  Retgers*  to  be  one  of 
its  constituents. 

In  describing  the  geology  of  the  district,  around  Pretoria,  South 

Africa,  Molengraaf  ^  states  that  the  oldest  nicks  of  the  region   are 

granites  and  crystalline  schists.     Above  these  arc  another  series  of 

schist    formations,    comprising    quartzites,    clay    slates,   cjorundum 

schists,  porphyroids,  and  chiastolitc-schists  that  are  cut  by  diabase 

dikes.     He  stat<5S  that  the  corundum  porphyroid  reseiubles  a  feldspar 

porphyry,  and  that  the  corundum  occurs  in  large  individuals  in  a 

groundmass  of  quartz  and  chlorite.     From   the   des(*ription  given, 

there   is   a  possibility  that  theiv  is  c^^rundum  in   quantity  in  this 

district. 

Ill  many  parts  of  the  western  Yunnan  district,  (yhina,  as  in  the 
prefecture  of  Shunning  Fu,  sapphire,  ruby,  and  emerald  corundum 
are  Siiid  to  occur.** 


>  Rec.  tics  trsvaax  chimiques  doH  PaysBaH.  Vol.  XI,  1802.  p.  1^;  and  Am.  Nat..  IffXi,  p.  ',i8Q. 
■  Neuos  Jahrbuch.  VoL  IX.  1H»4-U5.  ii]>.  174-291;  and  Am.  Nat.,  18«5, p. 470. 

'  U. S. Consular  Reports,  .Tan..lHO;).  Vol.  LXII,  No.  JStJ,  p.U5;  reprinted  from  Mosny's  CHiinese 
Mi8c(>llany,  published  at  Shauiphai,  China. 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 

United  States  GEOLOcacAL  Survey, 

Washington,  IX  C,  June  10,  1901. 
Sir:  We  Imvo  the  honor  U)  transinit  herewith,  in  form  for  publica- 
tion, the  results  of  the  primary  triaugulation  and  in'imary  traverse 
executed  by  the  Ignited  Stat4?s  Geological  Survey  during  the  fiscal 
year  IDOO-'Ol. 

The  results  were  computed  by  Messrs.  A.  II.  Thompson.  George  T. 
Hawkins,  C.  F.  Urquhart,  II.  L.  Baldwin,  jr.,  W.  T.  Griswold,  R.  II. 
Chapman,  E.  L.  McNair,  Sledge  Tatum,  Oscar  Jones,  and  D.  II. 
r»al(]wiu,  under  the  direction  of  Mr.  S.  S.  Gannett,  who  likewise  com- 
l)iled  them  for  publication. 

Very  respectfully,  II.  M.  Wilson, 

Geographer  in  charge  of  Atlantic  section. 

J.  II.  liENSHAWE, 

Geographer  in  charge  of  Central  section. 

E.  M.  Douglas, 
Geographer  in  charge  of  Rocky  Mount/iin  section. 

11.  U.  GOODE, 
Geographer  in  charge  of  Pacific  section. 

Hon.  Charles  I).  Walcott, 

Director  United  States  (reological  Survey. 
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RESULTS  OF  PRIMARY  TRI ANGULATION  AND  1>|{IMARY 
"  TRAVERSE,  FISCAL  YEAR  11)0(K()1. 


By  H.  M.  Wilson,  J.  H.  Renshawe,  E.  M.  Doi:(*las,  and  R.  U.  (*ooi»e. 


SUMM^IUY. 


Snmnuirtf  iif  publinlwil  results,  lOOO-l'JOl:    TriamjuUituyn,  jnfmatif  iranrse^ 

nwrUliau  ituirks,  (itid  htse  hnrs. 
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PRIMARY  TRIANGULATION  AND  PRIMARY  TRAVERSE,    [bull.  181. 


ATI^VXTIC    fcJEenON   OF   T01*00KA1»UY. 

MAINE. 
Triangulation  Stations. 

Triaiij^ulHtiou  of  181M)  was  extended  iiortheastwanl  from  Charleston 
and  Lowell  stations  during  July  and  August,  lOOO,  by  Mr.  S.  S.  Gan- 
nett, who  occupied  7  stations  and  located  5  XK)ints  controlling  3  fifteen- 
minute  ([uadrangles. 

CARROLL,  PENOBSCOT  COUNTY. 

On  a  high  ridge  in  Carroll  Township,  1  mile  southwest  of  Carroll 
post-oflfice,  on  land  jwned  by  Fred  OH  .er,  who  lives  75  yards  east  of 
station.  Timber  30  feet  high  on  north  end  of  ridge  olwtructs  view 
from  northwest  round  by  north  to  southeast. 

Station  nuirk :  A  copi)er  bolt  cemented  in  upj[K»r  surface  of  imbedded 

bowlder. 

[Latitude  45'  34'  22.50  .     Longitude  ««   OS  14.84  ',] 


To  sUtion— 


Azimuth. 


Back  ftzimntb.  I  hog.  distance 


Almanac 

Passadumkeag .  . 

Peasley 

Knob 

Woodville 

North  Woodville 
Katahdin    


n 


23  51)  5;J.O  j  203  58  12.1 
37  47  47.5   217  34  52.7 


58  41)  2»j.  7 

75  43  22.(5 

103  27  24.3 

119  35  31.8 

129  38  22.4 


238  33  41.2 
2.55  29  535. 0 
28:3  08  40.6 
299  18  47.6 
309  01  23.0 


Meters. 
3.8837120 

4.5892082 

4. 5300442 

4.4161767 

4. 5467760 

4. 5457384 

4.9394592 


ALMANAC,    PENOBSCOT   COUNTY. 

On  a  high  ridge  in  Lakeville  Township,  1^  miles  south  of  Soutn 
Springfield,  on  land  owned  by  Philo  Bearce.     Small  timber  at  east  end. 

Station  mark:  A  granite  post  30  by  8  by  S  inches,  set  16  inches  in 
ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  triangu- 
latioii  tablet. 

( Latitude  45   20'  36.07  '.     Loniritnde  68^  05'  37.77  '.] 


To  station— 


Passadumkeag  . 

Peasley 

Knob 

Woodville 

North  Woodville 
Carroll 


Azimuth. 

Back  azimuth. 

Log.  distance. 

o                /                   // 

Meters. 

41  05  34. 7 

220  54  22. 9 

4. 4977135 

67  47  20. S 

247  33  17.5 

4.4463959 

91  25  10.6 

271  13  06. 6 

4.3455954 

115  58  03.0 

295  41  01.6 

4.5396474 

131  32  42.6 

311  17  40.6 

4.5643868 

203  58  12. 1 

23  59  53.9 

8. 8887131 

WIUHOIT  IT  AL-] 


MAINE. 


VJ 


PASSADUMKKAO,    PKNOBSCOT   ('(HTNTY. 

Sitnat.e<l  on  the  east  end  of  PaHsaduiiikeH^  MouiilHiii,  the  hif^hent 
IK>int  ill  the  town  of  Grand  Falls. 

Station  mark:  Tall  »prnce  tree  blaztnl  on  four  sides. 


[Latitnde  45   07  47.04".     Longitude  6«^  21'  2«.90  .]. 


Tci  Htatioii— 


Azimuth.        ;  Back  azimuth. 


Peaked  . . . 
Greenfield 
Peasley  . . 
Carroll 
Almauac. 


// 


14  18  23.0  ' 

r>0  16  2:3.2  | 

158  13  15..") 

217  34  52.7 

220  54  22.9  ' 


11*4  13  47.8 

230  12  13.3 

;J3H  10  24.8 

37  47  47.5 

4 1  05  34. 7 


Lofir.  diHtauce. 


MeterM, 
4.5878904 

4.0014896 

4.1502841 

4.5892082 

4. 4977185 


KNOB,    PKNOBSCOT   COUNTY. 

(Not  occupied.) 

A  prominent  timl>ered  peak  in  the  east-<*entrHl  portion  of  town  of 
Lincoln. 
Station  mark:  A  tree  on  summit  of  peak. 

|L:ititnde45    20' .i2.«0 '.     Ijongitode  (ts    22  35.45  .] 


To  Htatioii 


A/.imuth. 


I 


I 


Buck  Hzimutli.   '  Lc^.  distance. 


Pea«ley ,  18  18  5.3.  7 

FiHh  Hill 884351.8 

WcKKlville ..  148  12  22.3 

Carrnll       255  29  35.0 

Almanac.     271  13  OH. 0 


198  IH  5;l(> 

268  38  13.3 

328  07  26.0 

75  43  22.  G 

91  25  10.6 


Metert. 
4.0689899 
4.0140397 
4.2346552 
4. 4161767 
4. 3455954 


PEASLEY,    PENOBSCOT   COUNTY. 

On  highe.st  point  of  bare,  grass- coveivd  hill  in  the  town  of  Hurling- 
ton,  east  of  Esculassis  Pond. 

Station  mark:  A  bronze  triangulation  tablet  cement «m1  in  solid  gran- 
ite, level  with  surface  of  ground. 
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[Latitude  45^  14'  52.10 '.     Longitude  68  25'  24.35 ".] 


To  station 


Greenfield 

Lowell 

Fiflh  Hill 

Woodville 

North  Woodville 

Knob 

Carroll 

Almanac 

Passadamkeag  . . 


Asimath. 

Back  azimath. 

Log.  distaiioe. 

e           /           // 

e          /          // 

Meters, 

7  00  42.6 

187  08  23. 0 

4.2943006 

130  08  37. 8 

310  06  15.9 

3.7554309 

148  36  13. 3 

328  32  36.2 

4. 1059741 

168  11  27.1 

348  08  31.0 

4. 4194598 

177  11  03.0 

357  10  06. 6 

4.5431412 

108  16  53. 6 

18  18  53.7 

4.0689899 

238  33  41.2 

58  49  26.8 

4.5300442 

247  33  17.5 

67  47  20.8 

4.4463959 

338  10  24.8 

158  13  15. 5 

4. 1502341 

NORTH   WOODVILLE,  PENOBSCOT  COUNTY. 

(Not  occupied. ) 

On  a  cultivated   ridge  in  northern  central  portion  of  Woo<lville 
Plantation. 

Station  mark:  A  clump  of  bushes  in  a  big  pile  of  granite  bowlders. 

[Latitude  45   33  42.03".     Longitude  68   26  43.47".] 


To  Htation  — 


Woodville 
Carroll  ... 
Almanac. . 
Peasley . . . 


Azimuth. 

21  44  32.7 
299  18  47.6 
311  17  40.6 
357  10  06. 6 


Back  azimnth. 


»/ 


201  43  33. 2 
119  35  31.8 
131  33  42.6 
177  11  03.0 


LofiT-  diHtance. 

3. 9944700 
4.54o7384 
4. 5643863 
4.5431413 


LOWELL,    PENOBSCOT  (^OUNTY. 

Situated  on  the  summit  of  the  highest  hill,  in  heavy  timber,  to  the 
east  of  Cold  Stream  Pond  in  the  northern  part  of  the  town  of  Lowell. 
Sight  lines  were  cut  to  stations  Charleston,  Pine  Tree,  Woodville, 
Peasley,  and  Greenfield. 

Station  mark:  A  bronze  triangulation  tablet  cemented  in  solid  rock 
and  marked  '*U.  S.  Geological  Survey,  Maine." 

[Latitude  45^  16'  50.97".     Longitude  68^  28'  44.06".] 


To  station- 


Charleston 
Pine  Tree . 
Woodville 
Peasley . . . 
Qreenfield 


Azimuth. 


Ba(;k  azimuth. 


66  00  13. 7 

82  38  15.6 

177  18  08.3 

310  06  15.9 

355  17  11.2 


245  37  20. 2 
262  26  20. 2 
357  17  34.8 
130  08  37.8 
175  18  13.2 


Log.  distance. 


Meters. 
4.6657619 

4. 3452270 

4. 3437360 

3. 7554309 

4. 3671206 


W1LJION  ET  AI^] 
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WOODVILLR,    PKNOBSrOT  (M)ITNTY. 

On  a  cU'HnMl  ridge  in  south  went  corner  of  Woodville  Plantation,  on 

land  owned  by  Jerry  Glidden,  who  lives  on  southeast  side  of  ridge; 
station  on  east  side  of  a  big  pile  of  rocks  on  bare  ledge.     View 

obstructed  by  tinil>er  on  northeast  end  of  ridge. 

Station  mark:  A  granite  post  18  by  11  by  11  inches,  set  12  inches 

in  the  ground  on  solid  ledge;  in  the  center  of  top  of  post  is  cemented 

a  bi*onze  tiiangulation  tablet. 

[Latitude  45   28'  44.96' .    Longritnde  68^  29  31.88".] 


To  station— 

Azimnth. 

Back  azimuth. 

o            1           n 

Log.  distaoce. 

U                  1                 II 

MeUr%. 

FishHill 

4-51  40.0 

184  50  58.8 

4. 1724197 

Charleston            

45  16  07.4 
80  48  44.4 

224  53  45. 6 
260  89  00. 8 

4. 7641819 

Mattamiscontis    

4.2547967 

Eatahdin 

144  59  59. 6 

824  41  48.5 

4.7597900 

North  Woodville....    

201  42  88.2 

21  44  32. 7 

3. 9944700 

Carroll 

2a3  OS  40.6 

103  27  24.3 

4.5467760 

Almanac      .  . . 

295  41  01.6 

115  58  03.0 

4.5396474 

Knob.      ... 

828  07  26. 0 

148  12  22.3 

4.2346552 

Passadumkeag 

314  38  29.2 

164  44  17.8 

4. 6049016 

Peasle y     . 

348  08  31.0 

168  11  37.1 

4. 4194598 

Lowell ..  . 

357  17  34.3 

177  18  08. 3 

4.3437860 

FISH   HILL,   PENOBSCOT  COUNTY. 

On  a  cleared  hill  one  mile  soutli  of  Lincoln  Village  in  the  town  of 
Lincoln,  overlooking  all  country,  though  view  is  limited  southward 
to  about  5  miles  and  eastward  to  about  G  miles. 

Station  mark:  A  granite  post  30  by  7  by  7  inches  set  28  inches  in 
the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tri- 
angulation  tablet. 

[Latitude  45   20'  44.90  ".    Longitude  68   30'  29.78 ".] 


To  station— 


Azimntb. 


// 


Charleston 

Mattamiscontis  .       ...... 

Katahdin . 

Woodville 

Knob I 

Peasley 328  .'12  :W.  2 

Paflsadnmkeafr 333  34  27.2 


56  54  19.7 
125  55  04.5 
152  51  44.8 
184  50  58.8 
2r»H  :W  13.3 


J 


Back  azimatb. 

Log.  (listanoe. 

o               /              // 

Mfter». 

236  32  40. 6 

4.6789897 

:i05  46  04. 2 

4.3087467 

:m  34  12.  4 

4.8425063 

4  51  40.0 

4. 1724197 

88  43  51.8 

4. 0140397 

148  36  13.3 

4. 1059741 

153  40  59. 7 

4.4282994 
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MATTAMIS(H)NTI8,  PENOBSCOT  COUNTY. 

(Not  (K»cupied.) 

A  well-known  prominent  nioiintHin,  10  miles  (air  line)  northwest  of 
Lincoln. 

Station  mark:  A  tall  pine  tree  on  hij^hest  point. 

(Latitude  45  27  11.05' .     Longitude  68'^  48'  08.55".] 


To  station— 


Charleston 
Woodville 
FiflhHill.. 


Azimntb. 

31  85  81.0 
260  39  00.8 
305  4fi  04. 2 


Back  azimuth. 


211  22  49.8 

80  48  44.4 
125  55  04. 5 


Lof?  distance. 


Meters. 
4.6503316 

4. 2547967 

4.3087467 


KATAHDIN,  PISCATAQUIS   COUNTY. 

(Not  (xjciipied.) 

The  highest  and  best-known  monntain  in  Maine. 
Station  mark:  Sharp,  roeky  summit  of  mountain. 

[Latitude  45   54  as.Ol  .     Longitude  6H  55'  02.15  ".] 


To  Htatioii— 


Charleston 
Carroll  .. 
Woodville 
Fish  Hill . . 


Azimuth. 


htuik  azimuth. 


Log.  distance. 


o     /      '/ 

O      /        W 

Meters. 

5  04  30. 3 

185  00  15.2 

4.9463810 

309  01  23.0 

129  38  22. 4 

4. 9394592 

324  41  48.5 

144  59  59.6 

4. 7597900 

382  34  12.4 

152  51  44.8 

4.8425063 

NEW    YORK. 


Triang^lation  Stations. 


During  the  season  of  1900  four  parties  were  engaged  on  triangula- 
tiou  in  New  York  under  the  general  supervision  of  Mr.  S.  S.  Gannett. 
In  the  central  portion  of  the  St«,te  a  belt  of  triangulation  was  extended 
by  Messre.  Griswold  and  MeNair  from  Virgil- Warren  eastward  to 
Utsa3'antha-Otsego  stations  of  the  Gai-diner  State  survey.  In  the 
southeastern  iwrtion  of  the  State  the  work  of  the  United  States  Coast 
and  Geodetic.  Survey  was  extended  north wanl  by  Mr.  Oscar  Jones 
from  stations  Hearfort,  High  Point,  Hamburg,  and  High  Tome,  con- 
necting with  the  work  of  Mr.  MoNair  at  stations  Andes,  Bramley, 
and  Utsayantha. 

During  the  summer  months  Mr.  McNair  was  transferred  to  the 
Adirondack  region,  whcic  h(»  exc(»ut«Ml  control  for  six  15'  quadrangles 
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b}'  tnanjrulatioii  based  upon  Blue-Vanclerwhacker.  Twelve  stations 
were  occupied  an<l  i\  points  located  by  intersections.  During  Septem- 
ber he  ran  a  line  of  primary  traverse  from  Ogdensburg  light-house 
(locate<l  by  the  Uniteil  States  Lake  Survey)  to  Churubusco  and  Owls 
Head  (triangulation  st^itions  of  the  lTnite<l  States  Geological  Survey) 
with  several  spur  lines,  a  total  distance  of  142  miles,  furnishing  (^on- 
ti'ol  for  five  15'  quadrangles. 

Mr.  S.  Tatum  extended  triangulation  northward  from  Penn-Myer, 
occupying  nine  stations,  and  also  (K^cupied  and  locate<l  one  station, 
Webb,  fn)m  West  and  Morris,  the  total  numl>er  of  quadra-ngU^s  (con- 
trolled l>eing  four. 

The  net  results  of  the  season's  work  were  the  occupation  of  70  tri- 
angulation stations  and  the  running  of  IP2  mil(\s  of  primary  traverse, 
controlling  44  quadrangles  in  portions  of  the  counties  of  Orange, 
Sullivan,  Ulster,  Delaware,  Otsego,  Oneida,  Mmlison,  Chenango, 
Cortland,  Broome,  Herkimer,  Essex,  Hamilton,  Franklin,  Clinton, 
Lewis,  and  St.  Lawrence.  Meridian  lines  were  established  at  Ooshen, 
Delhi,  Coopfjrstowii,  Utica,  Hamilton,  Norwi<»h,  Binghamton,  and 
Malone. 

AVERILL,  CLINTON   COUNTY. 

On  a  high,  cleared  mount-iiin  al>out  'A  miles  southeast  of  Lyon  Moun- 
tain station  on  C^hateaugay  Railway. 

Station  mark:  A  copper  l>olt  set  in  solid  rock  and  marked  **Adii*on- 
da<;k  Survey— V.  C.  33." 


[Latitude  44   41   a4.r»8  .     Longitude  73    52  52.72".] 


Tt>  Htatlon— 


A'/imnth. 


MoosePeak    14  27  ;W.2 

Lookout 45  48  07.8 

Debar 09  52  33.0 

Owl8Hoad(2) 104  23  30.2 


Buck  azimuth. 


LoK- diHtanoe. 


// 


194  22  22.9 
225  41  01.8 
249  38  13.0 
284  11  44.7 


I 


Metern. 

4. 5938655 
4. 2709081 
4. 4582297 
4. 3573875 


MARCV,  ESSEX   COUNTY. 

A  high,  bare  niount^iin,  the  hijfhest  in  the  Adirondacks,  in  the 
western  part  of  Keene  Township.  There  is  a  ^ood  trail  to  the  sum- 
mit fi-oin  Adirondack  Lodji:e,  0  miles  distant,  and  on«^  from  the  Ausa- 
hle  I^akes,  alM)Ut  the  same  distan(*e. 

Station  mark:  A  ropper  holt  in  .solid  rock,  marked  *' Station  No.  1 
N.  Y.  S.  Adirondack  Altn.  Survey." 
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(Latitude  44   0«  46.10  .     Lonfdtude  !&  55  26.99  .] 
To  Htatioii— 


Vanderwhacker 

Blue 

Seward 

Mclutyre 

Moose  Peak 


Azimuth 


:W  (W  51.4 


Batrk  Azimnth.     Iiok.  distanoe. 


210  01  40.7 


55  16  19.8  234  56  26.4 

103  2:5  59.8  I  283  12  28.2 

124  11  47.0  I  304  09  09.0 

166  25  55.8  346  22  34.7 


Meters, 
4.4401:^57 
4. 6690929 
4.  a557847 
3.7850100 
4. 4347725 


M'INTYKE,    ESSEX    COUNTY. 

(Not  o(*eupie<l.) 

A  very  high,  bald  inoiiiitain  in   tlie  soutliorn  part  of  North  Elba 
Townshii). 
SUitioii  mark :  A  bolt,  probably  of  the  New  York  St4ite  land  survey. 

[Latitude  44   08  37.04 '.     Lougitude  73   59  13.82  .] 


Ti)  Htatioii— 


Vanderwhacker 

Seward . . 

Aini)ersand 

Moose  Peak 

Marcy 


Azimuth. 


Back  azimuth.     Log.difltanri' 


17  50  39.0 

96  05  50.0 

120  25  51.0 

176  37  12.0 

304  09  09.0 


of/' 

MeterM. 

197  46  05. 0 

4.4568900 

275  56  56.0 

4.2336600 

300  16  49.0 

4.3012800 

356  36  30.0 

4.3629900 

124  11  47.0 

3.7850100 

MOOSK   PKAK,  ESSEX    COUNTY. 

On  a  hi^h,  eh^ared  mountain  in  the  northwestern  paH  of  Essex 
County  on  tlu*  north  side  of  Lake  l^lacid.  There  is  a  good  trail  from 
the  Lake  Pla(*id  side. 

Station  mark:  A  lialf-ineh  hole  drilled  in  bowlder. 

[Latitude  44   21'  03.00  .     Longitude  74    00  15.23  ".] 


To  HtAtioii- 


Seward 

Auiiwrsand 
McKenzie . 

Morris 

St.  Regis. .. 

Debar  

Lookout  ... 

Averill   

Marcv  .     . . 


Azimuth. 

1 
Back  azimuth. 

; 

C                   /                   ff 

Log.  (listancT. 

o          /             /' 

Meters, 

36  26  49. 6 

216  IH  37.6 

4. 4210862 

50  26  33.0 

230  48  13. 0 

4.3110300 

54  34  31.0 

234  33  19. 5 

3.4435800 

60  44  -11.0 

240  24  56.6 

4. 6^57242 

104  00  49. 1 

283  47  08.7  i 

4. 4273682 

148  30  40.6 

328  21  42.8 

4.5178874 

171   40  17.4 

351  44  22.7 

4. 4023504 

104  22  22.9 

14  27  33.2  1 

4. 5938655 

340  22  34.7 

166  25  55.8 

4. 4847725 
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LOOKOUT,  FRANKLIN    COUNTY. 

A  liai*e  I'CM^ky  inounUiin  ulK)iit  2  miles  oust  of  Ij<k)ii  I^nke.  Cau  be 
reHi*lied  from  Loon  Lnke  House  bv  trail  in  about  H  hours,  or  from 
I^Kin  Lake  station  l)y  road  ami  trail  in  about  same  time. 

Station  mark:  A  bronze trianijculaticm  t*iblet eement^^d  in  solid  i^ock 
and  marked  "  U.  S.  (Teoloj^ieal  Survey,  New  York." 

[Latitnde  44*^  34'  32.vS0",    Longitude  74^  02'  59.05".] 


ToHt-atiou  ■ 


Azimuth.  Hack  azimuth.     Lok- (liHtanre. 


St.  Regis 

Debar       

Owls  Head  (2) 

Averill         

Moo^e  Peak  . 
McKeu/.ie. .. 


50  18  50.7 
102  50  04.4 
154  50  52.4 
225  41  01.8 
351  44  22.7 
357  03  40.0 


230  07  12. 4 

282  42  51.5 

334  52  13.9 

45  48  07.8 

171  40  17.4 

177  04  23.0 

Meters. 

4. 4626639 
4. 1444627 
4. 3135926 
4. 2709061 
4.4021^504 
4.4255200 


M'KENZIK,  ESSEX  COUNTY. 

(Not  oiHMi pied.) 

A  lii^h  eleareil  mountain  in  north\v«»stern  [)art  of  Essex  County, 
alM>ut  3  miles  northwest  of  Lake  Placid. 

Station  mark:  Probably  a  bolt  of  N(»w  York  State  land  survey. 

[Latitude  44    20    10.91.     Longitude  74    01'  57.39' .] 


Tt>  Htatioii— 


Axiiiiiith. 


Btick  aziiuiith.     I^>^.  diHtanoe. 


Seward 

Auipersaud 
St.  Regis.  . 
Lookout . . . 
Moose  Peak 
Marcry 


34  20  2S 
50  21  12 
108  49  40 
177  04  23 
234  33  19 
340  43  55 


V 

/ 

II 

214 

13 

28 

230 

14  03 

288 

37 

11 

357 

03  40 

54  34 

31 

100  48 

2S 

Meters. 

4.37558 
4. 24787 
4.39856 
4. 42553 
3. 44358 
4. 42010 


OWLS   HEAD  ('2),  FIl.AXKLIN   COUNTY. 

On  a  rooky  jioint  about  one-half  in  lie  ijorlh(Nist  of  Owls  Ilc^ad  sta- 
tion, on  Mohawk  and  Malon<»  Railway.  l{id«re  is  eonsiderably  hi^h(^r 
to  north.     View  cut  olT  from  nortli  to  <'ast. 

Station  mark:  A  eoppei-  bolt  leade<l  in  ro<*k,  marked  '*  T.  S.  (4.  S." 
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PRIMARY  TRIANGULATION  AND  PRIMARY  TRAVERSE,    [bull.  181. 


[Latitude  44    44    36.81.    Longritnde  74"  09   3.5.80".] 


Tofltation  - 


Debar  . 

Averill 

Lookont 


Azimuth. 

Back  azimntb. 

ttttg.  distance. 

c                  /                    /» 

0                  '                 /' 

Meters. 

IT  20  43.9 

197  18  09.0 

4.2121883 

284  11  44.7 

104  23  30. 2 

4. 3573875 

334  52  13.9 

154  56  52. 4 

4.3135926 

HIGH   TORNE,  K(K^KLANl)   COl'NTV. 

A  station  of  the  ITnite<l  StAt.es  Coast  and  Geodetic  Survey  in  Ramapo 
Township  about  1  mile  northeast  from  Ramapo  station  on  the  New 
York,  Lake  Erie  and  Western  Railroad,  on  the  summit  of  a  promi- 
nent elevation  known  as  lUgh  ^J'orne,  which  fails  off  abruptly  on  the 
southeast  end.  Station  is  about  400  feet  northeast  fixim  a  larj^e  cliff. 
Land  is  owned  by  II.  I.  Pierson,  of  Ramapo. 

Station  mark:  A  three-fourths  inch  Iwlt  cementie<l  in  solid  rock. 

[Latitude  41"  09'  05.30".     Longitude  74^  09  47.32."] 


To  Htatioii 


Azimatii. 


Hack  azimuth.     L^.  diatanoe 


tt 


Bald  Hill ■      36  48  57.0 

Bearfort '      86  28  25.3 

Sterling? \    152  57  22.4 


216  41  32.8 
206  19  23. I 
332  54  23.9 


Meters. 
4.4314816 

4.2845292 

4. 1420525 


SKWAHD,  FRANKLIN   COUNTY. 

In  the  southeastern  part  of  Franklin  County,  on  a  high  mountain  3 
miles  south  of  Ami>ersand  Pond.  It  is  covered  with  a  dense  growth 
of  small  balsam,  but  summit  has  been  partly  cleared.  Best  reached 
from  cabin  of  Santa  Clara  Lumber  Company  on  Ampersand  Pond. 
Follow  up  Ward  Brook  on  logging  road,  take  second  left-hand  i*oad, 
then  keep  to  left  to  end  of  road,  whence  a  blazed  trail  may  be  f ollowe<l 
to  summit. 

Station  mark:  A  copper  lH)lt  set  in  solid  rock  2  feet  below  surface 
of  ground. 
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[Latitntle  44   09'  35.25 ".     Longitude  74"  12'  00.22 ".] 


To  Ktatiou— 


Blue  

Morris 

St.  Regis . . 

Ampersand  . _ 

McKenzie 

Moose  Peak 

Mclntyre    . . 

Marcy  . 283  12 

Vanderwhacker   'Mi  00 


Azimuth. 

Bark  azimath. 

T»g.  distance. 

o         '            n 

O              '                 l> 

Meter*. 

26  54  00. 0 

206  45  36. 3 

4. 5535558 

90  05  24. 8 

269  53  53.6 

4.3433268 

159  28  26. 7 

339  22  59. 9 

4. 4704091 

178  17  56.0 

358  17  48.0 

3. 9201400 

214  13  28.0 

34  20  28.0 

4.3755800 

216  18  ;J7.6 

36  26  49. 6 

4. 4210862 

275  56  56.0 

m  05  50. 0 

4.2336600 

28.3  12  28.2 

103  23  59.8 

4. 3557847 

344  00  06.0 

164  04  25. 4 

4.4803631 

AMPERSAND,  FRANKLIN    COITNTY. 

(Not  (M*cnpi(Ml.) 

A  bare  r(K*ky  nioiintaiii  in  tlie  southeasttM-n  corner  of  Franklin 
County,  on  the  north  side  of  Anipei*sancl  Pond.  Can  be  easily 
reached  from  Ain^iersanil  Pon<l. 

Station  mark:  IJolt,  probably,  of  the  N(»w  York  State  Land  Survey. 

[Latitude  44"  14'  04.68  '.     Longitude  74'  12  11.35  .] 


Tt>  station— 


Morris 

Hayes 

St.  Regis... 
McKenzie  . 
Moose  Peak 
Mclnt3*re  .. 
Seward  .   . . 


Vzimiitli. 

'  Back  azimuth. 

iMig.  distance. 

oil' 

oil' 

Meterit. 

61)  11  42 

249  00  18 

4. 36771 

87  26  27 

267  16  25 

4. 28293 

152  24  35 

332  19  16 

4.3^)909 

230  14  03 

50  21  12 

4. 24787 

230  48  13 

50  26  33 

4.31103 

300  16  49 

120  25  51 

4.:W12S 

358  17  48 

178  17  56 

3.92014 

DKHAK,    FKANKLIN   COUNTY. 

A  lii^h  (deared  mountain  in  I)uan(»  Township,  al>out  4  miles  soutli 
of  Duano  post-oniee.  Best  reac^hed  from  Debar  Wmd  on  noi*th(»ast 
Hide  of  mountain.     \o  trail. 

Station  mark:  A  bnmze  trian^ulat ion  tablet  e(»nH»ii1e<l  in  soli<l  n>ek 
and  iiiarke<l  **l".  S.  Clecdop^ieal  Surv4»y,  New  York." 
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PRIMARY  TRIANGULATION  AND  PRIMARY  TRAVERSE,    [bull.  181. 


[Latitude  44    m  12.71  .     Ix)iigitncle  74    13   15.06  .  | 


ToHtation— 


Asdmnth.  Biw'k  azimuth,  j  Lof^.  dMtanoe. 


St.  Regis  .   

Rice    

Azare 

Owls  Head  (2) 

Averill 

Lookout  -   ... 

Moose  Peak 

Dnane  M.  E.  C^hurch 


21  52  12.9 
45  07  15.0  I 
72  48  18.5  ! 
197  18  09.0 
249  38  13.6  ; 
282  42  51.5  . 
328  21  42.8 
151  53  58.0 


201  47  37.7 
225  01  52.0 
252  36  30.5 
17  20  43.9 
69  52  83.0 
102  50  04. 4 
148  30  49.6 
331  52  12.0 


Meters. 
4.3678052 
4. 1566600 
4. 3676167 
4.2121883 
4.4582297 
4.1444627 
4. 5178874 
3.8487800 


STKHLINCi,  OKANCIK    COUNTY. 

Near  the  west  side  of  a  bushy  ridge  in  Tuxedo  Townsliip,  S.  (»7^  W. 
H  miles  from  the  southwest  exti'eiiiity  of  I-.ake  Monibasha,  on  land 
owned  by  tlie  Sterling  Park  Company. 

Station  mark:  A  copper  bolt  1  inch  in  diameter  wedged  in  bow^lder 
and  f  inch  above  surface,  stamped  "  IT.  S.  G.  S,"  Bowlder  2  by  3  feet 
and  0  inches  al)Ove  ground. 

Reference  marks:  Arrow  cut  near  north  end  of  l>owlder  3  by  4  feet 
and  4  inches  above  ground;  azimuth  30*^,  distance  S.04  feet.  Arrow 
cut  in  bowlder  ^5  by  4  feet  and  1  foot  above  ground;  azimuth  70"^,  dis- 
tance 13.70  feet.  Arrow  cut  in  bowlder  5  by  3  feet  and  1  foot  above 
ground;  azimuth  287*^,  distance  5.51  feet.  Signal  tree;  azimuth  148% 
distance  2i).()l  feet. 

[Latitude  41    15  45.0*.     Longitude  71    14  l«.2r'.J 


To  Htatioii— 

Azimuth. 

Back  aximuth. 

Lof?.  distance. 

Bearf  ort 

O                 1                  II 

43  35  48.2 
100  28  18. 1 
106  22  40. 1 
158  03  52. 5 
167  43  03.4 
3:^2  54  23.9 

0            1            n 

223  29  43. 8 
280  11  32.0 
286  15  41.1 
337  59  as.  7 
347  38  20. 8 
152  57  22.4 

Meters. 
4. 2720158 

High  Point .. 

4. 5570329 

Eve 

4. 1875280 

Houston 

4.4333572 

Sams  Point 

High  Torne 

4.6666435 
4. 1420525 

DUANE,  M.  K.  CHURCH,  FRANKLIN  COUNTY. 

(Not  occupied.) 

Situat(Ml  in  Duane  Townsliip  near  Duanc  post-oltice. 
Station  mark:  Conter  of  church  spire. 
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[Latitnde  44   3t)  34.43  .     Longitude  74    15  40.59  '.] 


To  station— 


Azure 
Debar 


Aziniiitli. 

Back  azimuth. 

Log.  diHtance. 

55  16  13 
331  53  13 

u                 y                 It 

2:J5  06  10 
151  5  J  58 

4. 36359 
3. 84878 

ST.    KKGIS,   KHAXKLLX   COl'NTY. 

On  a  Imro  nwrkv  uioiinlaiu  about  5  miles  west  of  Lake  Clear  June- 
tioii,  oil  Moliawk  and  Malone  Railway.  Can  be  reacfhed  in  alx)iit  three 
hours  from  Lake  Clear  Junction  by  driving  to  l^i)i)er  St.  Regis  Lake, 
thence  t-aking  boat  to  head  of  lake,  a  short-  <^arry  to  Spectacle  Pond, 
thence  across  the  pond,  thence  a  good  trail  to  summit. 

Station  mark:  An  aluminum  bolt  set  in  solid  rockaiul  markeil  "N. 
Y.  S.  Land  Sur\'ey  V.  Colvin  Supt.  No.  300." 

[Latitude  44    24  31.37  .     Longitude  74    19  48.33'.) 


Tt>  Htation  — 


Morris 
Hayed 
Aznre 
Rice  . 
Debar 


Lookout !    330  0 

Moose  Peak .  

McKenzie 

Ampersand 

Seward 


Azimtitl). 

Back  H7.ini ath. 

LoK-  distance. 

o          '         n 

o               /              // 

Meters. 

23  50  31.0 

302  44  15. 1 

4.4771258 

34  02  35. 0 

303  57  51.0 

4. 3452200 

137  17  13.9 

317  10  03.3 

4.3022069 

173  37  34.0 

353  36  47.0 

4.0651500 

301  47  37.7 

21  53  13.9 

4.3678052 

330  07  13.4 

50  18  59.7 

4. 4626659 

383  47  08. 7 

104  00  49. 1 

4. 4273682 

288  37  11.0 

108  49  40.0 

4.39S5600 

333  19  16.0 

153  34  35.0 

4.  *390000 

339  33  50.9 

159  38  26. 7 

4.4704091 

KEMPSHALL,  HAMILTON    COX'XTY. 

A  lieavily  timlM>red  mountain  in  the  town  of  Long  Lake,  on  the  east 
8ide  of  Long  Lake,  2  miles  south  of  Island  lTot<*l.  Sight  lines  are 
cleared  through  timber  to  I>lue,  West,  Nigger  Head,  Owls  Head, 
Morris,  St.  Regis,  and  Amp(»rsand.  Theodolite  elevated  20  feet  on 
trunk  of  tree. 

Station  mark:  Center  of  trunk  of  tree  2  feet  in  diameter  cut  off  20 
feet  from  ground.     Station  number,  403. 

Reference  mark:  ^V  coppcM*  bolt  set  in  a  bowlder  2^  fcM»t  in  <liameter 
embedded  in  the  roots  of  trunk,  bolt  being  2  feet  northwest  of  center 
of  tree. 
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PRIMARY  TRIANGULATION  AND  PRIMARY  TRAVERSE.    Ibuli*181. 


[Latitude  44^  01'  28.43".    Longitude  74^  19'  48.97 '.] 


To  station- 

Azimuth. 

Back  aalmath. 

Log.  distance. 

Blue .    

18  42  04. 4 

58  57  16.0 

142  16  28.2 

198  39  06.6 
288  41  35.4 
322  10  24.0  1 

4.2512882 

Weat 

Morris 

4.5481265 
4.2789159 

RICE,  FRANKLIN   COUNTY. 

(Not  occupied.) 

On  a  partly  cleared  mountain  about  3  miles  east  of  Madawaska  sta- 
tion, on  the  New  York  and  Ottawa  Railway.  Can  go  in  rowboat 
from  station  to  foot  of  mountain. 

Station  mark :  A  bronze  triangulation  tablet  cemented  in  solid  rock. 

[Latitade  44   30'  44.56  '.     Longitude  74   20'  55.82"] 


To  Mtation— 

Azimuth. 

Back  azimuth. 

Log.  distance. 

Azure 

o        '       n 

104  50  29 
225  01  52 
352  36  47 

o             /          // 

284  44  03 

45  07  15 

172  37  34 

Meter*. 

4.09800 

Debar    - . .    .  -    .     . .   - . 

4.  IdOuO 

St.  Regis .   . 

4.06515 

SAMS  POINT,  ULSTER  COUNTY. 

In  Warwarsing  Township,  G  miles  from  EUenville,  on  the  southern 
end  of  a  rocky  ridge  locally  known  as  Sams  Point,  and  owned  by  Le 
Grand  Bottsford,  who  lives  under  the  bluff  400  yards  south  of  station. 

Station  mark:  A  bronze  triangulation  tablet  cemented  in  a  large 
flat  rock. 

Reference  marks:  Arrow  cut  in  flat  rock;  azimuth  1°,  distance 
;38.43  feet.  Arrow  cut  in  flat  rock;  azimuth  297°,  distance 51.97  feet. 
Arrow  cut  in  flat  rock;  azimuth  190°,  distance  14.22  feet. 
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[Latitude  4V 

40'  15.46 ", 

Longitude  7' 

4   21   25.02'.] 
Back  azimuth. 

o          /           // 

To  station— 

Azimuth. 

Loy .  dlHtance. 

Meter*. 

Honston _ 

-«••.      •«•- 

0  3U  23. 5 

180  39  16. 9 

4. 3051821 

High  Point 

33  10  35.9 

213  07  28. 5 

4. 6672128 

Vernon 

36  58  17.9 

216  51  59. 9 

4.3415805 

Beads 

56  10  16.9 

235  50  37. 5 

4.4292886 

Wolf 

.  .           .  -          -  . 

66  48  34.2 

246  39  29.6 

4. 3149145 

Monticello. 

..*••. 

87  17  09.0 

267  04  09.7 

4.4338327 

Walnut 

110  49  25.5 

290  32  56.2 

4.5648950 

SonthHill 

-  -    . 

142  43  36.1 
149  31  57.0 

322  37  17.4 
329  24  36. 5 

4.3358465 

Denman 

4. 4778896 

Graham  . 

..... 

158  42  30. 5 

338  34  47. 4 

4.6430488 

Slide 

......          -   . 

176  10  36.6 

356  09  27.3 

4. 5627499 

Sterling ...    ... 

-  -  ■           

347  38  20. 8 

167  43  03. 4 

4.6666436 

HOUvSTON,   ORANGE   COUNTY. 

On  a  cleared  hill  in  Walkill  Township,  one-half  mile  north  of  Scotch- 
town  post-office,  on  land  owned  by  Robert  Houston.  Harry  Smith 
lives  300  yards  south  of  station.     A  good  view  in  all  directions. 

Station  mark:  A  stone  post  20  by  8  by  8  inches,  set  flush  with  the 
surface  of  ground,  in  center  of  top  of  which  is  cemented  a  bronze  tri- 
angulation  tablet. 

Reference  marks:  Large  stone  pile  in  fence  corner;  azimuth  185°, 
distance  119.85  feet.  Arrow  cut  in  north  end  white  rock  3  by  2  feet 
and  1  f<K)t  al)ove  ground;  azimuth  340",  distance  164.73  feet.  Arrow 
cut  in  north  end  of  rock  ledge  10  by  4  feet  and  1  foot  above  ground; 
azimuth  23"',  distance  242.22  feet.  Stone  wall;  azimuth  OO"",  distance 
60  fei^t. 

[Latitude  41    29  20.9<r.     Longitude  74'  21  35.00 '.] 


To  station— 

Azimuth. 

Back  azimuth. 

o            '              // 

Log.  distance. 

O                 '                    II 

Mt^tera. 

Eve 

12  29  31.5 

192  27  20.4 

4. 3289821 

HighPoint 

53  37  03. 5 

233  25  04. 0 

4. 4973076 

Writer 

73  27  08. 3 

253  IH  36. 1 

4. 2725795 

Vernon 

101  32  05.0 

281  25  54. 3 

4. 1219453 

Sams  Point 

180  39  16. 9 

0  39  23. 5 

4. 3051821 

Sterling 

837  59  03. 7 

158  03  52.5 

4.4333572 
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SLIDE,   ULSTER  COUNTY. 

Oil  tlie  highest  peak  in  the  Catskill  Mountains,  5  miles  soutli  of 
Slide  Mountain  post-office,  or  J.  W.  Dutcher's  house. 

The  nearest  railroad  station  is  Big  Indian,  on  the  Ulster  and  Dela- 
ware Railroad. 

The  top  of  the  mountain  is  tiral)ered.  Theodolite  set  under  center 
of  a  tower  25  feet  high  and  lines  of  siglit  cut  towartl  other  st^itions. 

Station  mark:  A  copi)er  bolt  stamped  "U.  S.  G.  S."  set  in  a  con- 
glomerate rock  a  little  alK)ve  surface  of  ground. 

Reference  marks:  Six-inch  spike  driven  in  a  balsam  tree  12  inches 
in  diameter,  2^  feet  above  ground;  azimuth  38",  distance  27.07  feet. 
Arrow  cut  in  ledge  in  path  around  north  side  of  tower;  azimuth  244"% 
distance  32.65  feet.  Arrow  cut  in  ledge  of  rock,  east  outlook  from 
mountain;  azimuth  28i>*^,  disUuice  220.05  feet. 

[Latitude  41 '  59'  57.1 1'.     Longitude  74   23'  10.87  ".] 


To  station- 


Walnut  . . . . 
Graham  ... 

Andes 

Utsayantha 


Azimuth. 


Back  azimntb.     Log.  distance. 


53  42  07.4 
108  23  15.3 
130  32  52.6 
150  19  04.0 


Sams  Point '    356  09  27.3 


233  26  44.2 
288  16  41.6 
310  18  47.4  j 
3:^9  10  51.4 
176  10  36.6 


South  Hill  . 


29  03  59.8  ;    208  58  49.8 


Meters. 

4. 5971 W7 
4. 1539652 
4. 5803074 
4.6765330 
4.5627499 
4.3421254 


BEARFORT,  PASSAIC   COUNTY,  N.  J. 

A  station  of  tlie  United  States  Coast  and  (reodetic  Survey  on  a  high 
summit  of  liearfort  Mountain,  about  2  miles  southwesterly  from  road 
leading  over  mountain  from  Greenwood  Lake  to  Vernon. 

Station  mark :  A  copper  bolt  three- fourths  inch  in  diameter  pro- 
jecting al)out  three- fourths  inch  above  rock. 

[Latitude  41    08  26.09  .     Longitude  74    23  31.35".] 


To  station 


Azimuth. 


Back  azimuth.  '  Lok.  distance. 


Hamburg 
High  Point 

Eve 

Sterling 
High  Torne 
Bald  Hill  . . 


o        / 


94  11  30.7 
131  36  05.8 
173  54  55.4 
223  29  43.8 
266  19  23. 1 
350  10  07.9 


o      /       // 

Mett'Ts. 

274  06  02.8 

4.0664557 

311  25  25.5 

4.4802442 

353  54  01.4 

4. 2549964 

43  35  48.2 

4. 2720153 

86  28  25.3 

4, 2845292 

170  11  44.9 

4. 3060559 

muon  wr  au] 


NEW   YORK. 
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BVE,  ORANGE  COUNTY. 

On  the  western  end  of  a  partly  cleared  ridge  in  Warwick  Township, 
2^  miles  from  Hudson.  Station  on  the  Lehigh  and  Hudson  Railroad. 
Land  owned  by  James  Henry,  who  lives  400  yards  north  of  station  at 
foot  of  mountain. 

Station  mark:  A  copper  bolt  stamped  '*  U.  S.  G.  S."  sot  in  solid  rock. 

Reference  marks:  Arrow  cut  in  ledge  on  top  of  ridge;  azimuth  30°, 
distance  24.25  feet.  Arrow  cut  in  ledge  on  top  of  ridge;  azimuth  194°, 
distance  39.55  feet.  Arrow  cut  in  flat  stone,  level  with  surface,  and 
70  feet  below  station;  azimuth  320°,  distance  81.68  feet. 

[Latitude  4r  18'  05.92".    Longitude  74  24  53.31.  ] 


To  Htation— 


Azimuth. 


Back  azimuth,  i  Log.  diatance. 


/' 


High  Point 

Writer ..   .. 

Vernon 

Hooston 

Sterling .-i    286  15  41.1 

Bearfort 353  54  01.4 


95  59  11.4 
139  13  21.5 
160  21  29.5 
192  27  20.4 


275  49  24. 2 
319  07  01.4 
340  17  30.6 
12  29  31.5 
106  22  40. 1 
173  54  55. 4 


yfeters. 

4.3181160 
4. 3105577 
4. 3064954 
4. 3289821 
4. 1875280 
4.2549964 


HAYES,  FRANKLIN   COUNTY. 

A  secondarj'^  station  located  by  "  three  point  method,"  about  I  mile 
northeast  of  Tupper  Lake  Village  in  an  open  field  on  a  hirge  bowlder 
12  by  8  by  8  feet  near  hay  barn  and  in  the  rear  of  a  small  log  build- 
ing.    Land  is  owned  by  D.  J.  Hayes,  liveryman,  of  Tupper  Lake. 

Station  mark :  A  bronze  triaugulation  tablet  cemented  in  solid  i*ock, 
marked  "U.  S.  Geological  Survey,  New  York." 

[Latitude  41    13'  35.99  .    Longitnde  7^  26'  34.80 '.] 


To  station— 


St.  Regis... 
Ampersand 
Morris 


Azimuth. 

Back  azimuth. 

Log.  distAUce. 

o              /              " 

o            '            /' 

Meters. 

203  57  51.0 

24  02  35. 0 

4.34522 

267  16  25.0 

87  26  27. 5 

4.28298 

19  21  29. 5 

199  20  08. 0 

8. 89649 

MORRIS,  FRANKLIN   COUNTY. 

A  high  bald  mountain  in  south  end  of  Waverly  TowUvShip,  4  miles 
east  of  Big  Tupper  Lake  and  6  miles  south  of  Tupper  Lake  Village. 
Beet  reached  by  driving  from  Tupper  Lake  Village  to  Waukesha 

BuU.  181—01 3 
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Hotel,  thence  by  logging  road  and  obscure  trail  to  suniniit  of  iiionn- 
tain. 

Station  mark :  Aluminum  bolt  of  New  York  State  land  survey  set 
in  solid  rock,  also  copper  bolt  1  inch  in  diameter  set  in  solid  rock  and 
stamped  *'U.  S.  G.  S."  N.  Y.  497",  9^^  inches  distant  from  Stiite  land 
survey  bolt.     Position  computietl  is  that  of  State  land  survey  bolt. 

[Latitude  44*^  09'  86.18' .     Longitnde  74"  28'  82.37".] 


To  station— 


West 

Moody 

Azure 

Rice 

Hayes 

St.  Regis . . . 

Moose  Peak 

Ampersand 

Seward 

Van  der  whacker 

Blue    

Kempshall 


Azimnth. 


29  10 
160  28 
177  15 
194  25 
199  20 
202  44 
240  24 
249  00 
269  5d 
313  34 
349  24 
322  10 


08.7 
14.0 
07.4 
56.0 
08.0 
15.1 
56.6 
18.0 
53.6 
05.6 
34.2 
24.0 


Back  azimuth. 

LoK-  distance. 

0                /                // 

Metertf. 

209  00  30.7 

4.5811562 

340  27  37.0 

3. 5479300 

a57  14  03. 2 

4. 6276584 

14  31  17.0 

4.6070600 

19  21  30.0 

3.8964900 

22  50  21.0 

4.4771258 

60  44  41.0 

4. 6357242 

69  11  42.0 

4.3677100 

90  05  24. 8 

4.3433268 

133  49  54. 6 

4. 6338473 

169  27  39. 9 

4.5114860 

142  16  28.2 

4. 2789159 

MOODY,  FRANKLIN  COUNTY. 

(Not  occupied.) 

A  low  bare  point  on  the  east  side  of  Big  Tupper  Lake  in  the  south- 
west corner  of  Franklin  County. 
Stat  ion  nun-k :  A  bolt  of  the  New  York  Stat^  Land  Survey. 

[Latitude  44"  11'  28.01  .     Longitude  74"  29'  25.52' .] 


To  station— 


Azimntb. 


St.  Regis 
Morris... 


Back  azimuth. 


/      // 


207  41  01 
340  27  37 


27  47  44 
160  28  14 


Log.  distance. 

Meters. 
4. 48917 

3. 5479;^ 


AZURE,  FRANKLIN  COUNTY. 

On  a  cleared  mountain  locally  known  as  Blue  Mountain,  about  4 
miles  southwest  from  Spring  Cove  Station  on  the  New  York  and 
Ottawa  Railway.  A  good  trail  from  the  Blue  Mountain  House  to  the 
summit. 

Station  mark:  A  bronze  tablet  cemented   in   solid   i*ock   marked 

U.  S.  Geological  Survey,  New  York," 


(( 


wiuoN  sr  AL.1 
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[Latitude  44"  82'  28.19". 

Longitude  74^  30'  04.51".] 

To  station^ 

Azimuth. 

Back  azlmnth. 

Lor.  distance. 

Dnane  M.  E.  Church 

o           /           // 

235  06  10.5 
252  3ft  80. 5 
284  44  03.0 
317  10  02.2 
357  14  03.2 

o         •         n 

55  16  18.0 

72  48  18. 5 

104  50  29. 0 

137  17  13.9 

177  15  07. 4 

Meter*. 
4.3625900 

Debar 

4. 8676167 

Rice 

4.0980000 

St.  Regis 

4.3022060 

Morris 

4. 6276584 

SOUTH   HILL,  ULSTER  COUNTY. 

(Not  occupied.) 

Ill  Warwasing  Township,  on  a  sharp,  round,  partially  cleared  hill, 
2  miles  north  of  Ulster  Heij^hts  post-ofRce,  on  land  owned  by  Grant 
Sheely,  who  lives  500  yards  south  of  station. 

Station  mark:  The  rock  oak  signal  tree. 

Referen<»e  marks:  Arrow  cut  in  lK)wlder  0  by  5  by  3  feet;  azimutn 
9°,  distance  45  feet.  Arrow  cut  in  l)owlder  4  by  3  by  2  feet;  azimuth 
201°,  distance  00  feet.  An'ow  cut  in  bowlder  6  by  2  by  1  feet;  azi- 
muth 245'',  distance  70  feet. 

[Latitude  \V  49'  34.00  .    Longitude  74'  30'  53.68".] 


To  statiou— 


Walnut.... 
Denman  .. 
Slide..     ... 
Sams  Point 


Azimuth. 

o                /                // 

78  42  43. 0 

166  10  19.4 

208  58  49.8 

322  37  17.4 

Back  azimuth. 


Log.  diHtanoe. 


0                /                 /' 

Meter: 

258  32  31.2 

4.a346119 

346  09  17.6 

8. 9500518 

29  03  59.8 

4. 3421354 

142  43  :J6. 1 

4. 8358465 

VERNON,  SULLIVAN   C^OUNTY. 

On  a  timbennl  ridge  in  Manakating  Township,  2  miles  west  of  New 
V(»rnon  post-office. 

The<Klolite  elevated  10  feet  on  stump  of  pine  tree. 

Station  mark:  Stump  of  pine  tree. 

lieference  marks:  Arrow  cut  in  bowlder  3  by  3  by  3  feet^  azimuth 
247°,  distance  55.1)5  feet.  Signal  tree;  azimuth  152°,  distance  17.88 
feet.  Cross  (  +  )  cut  on  east  face  of  bowlder  on  edge  (>  by  4  feet  and 
2  feet  above  ground ;  azimuth  144°,  distance  41 .  IS  feet.  Arrow  cut  in 
south  end  of  bowlder  4  by  5  by  3  feet;  azimuth  122°,  distance  54.30 
feet. 
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[Latitude  iV  30'  46.44  '.    Longitude  74'  30'  54.49 ".] 


To  Rtation— 

Azixnnth. 

Back  azimath. 

Log.  distance. 

High  Point 

Writer. 

Roads 

O                 f                  09 

29  58  07.8  ; 

31  51  46.7  ; 
105  42  44.9 
148  21  23.3  ' 
216  51  5y.9 
281  25  54.3 
340  17  30.6  ' 

o               <                " 

209  52  18.3 
211  49  25.0 
285  38  24.0 
328  18  37. 4 
36  58  17.9 
101  32  05. 0 
160  21  29.5 

Meters. 
4.3909515 
3. 9735791 
3.9765996 

Wolf 

4.0430398 

Sams  Point 

Hoaston 

Eve 

4. 3415805 
4.1219453 
4.3964954 

HAMBURG,  SUSSEX   COUNTY,  N.  J. 

A  station  of  the  United  States  Coast  and  Geodetic  Survey,  situated 
on  the  Hamburg  Mountains  in  the  town  of  Hardiston,  about  3  miles  S. 
76°  E.  from  the  village  of  Hamburg,  on  the  New  York,  Susquehanna 
and  Western  Railway,  about  one-half  mile  S.  38°  W.  from  dam  at 
outlet  of  Sand  Pond.     On  land  owned  by  the  Franklin  Iron  Company. 

Station  mark :  A  copper  bolt  three- fourths  inch  in  diameter  and  4 
inches  long,  set  in  solid  rock  with  one-half  inch  projecting;  letters 
"G.  S.  of  N.  .J."  cut  in  rock  on  southwest  side  of  bolt. 

[Latitude  41^  08  53.40  .     Longitude  74°  31  49.75".] 


To  station— 


High  Point 
Bearf ort . . . 
fiald  Hill  . . 


Azimuth. 

Back  azimuth. 

Lonf .  distanoe. 

O                '                 II 

150  10  25.4 
274  06  02. 8 
323  57  21.7 

O               i                // 

330  05  13. 6 

94  11  30.7 

144  04  26. 1 

Meters. 
4.3448511 

4.0664557 

4.4095860 

DENMAN,  SULLIVAN  COUNTY. 

(Not  occupied.) 

In  Neversink  Township,  on  a  high  timbered  ridge  known  as  Denman 
Mountain,  1^  miles  east  of  Clarysville  post-office,  on  land  owned  by 
Leonard  Moore,  who  lives  one-half  mile  west  of  station. 

Station  mark:  A  copper  bolt  set  in  bowlder  10  by  10  by  8  feet  on 
highest  point  of  mountain,  l)eing  the  only  bowlder  on  top. 

Reference  mark:  Birch  signal  tree  N.  08  E.  20.8  feet  distant. 


WILSON  KT  AI^I  NEW    YORK. 
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To  station— 


Azimuth.  Back  azimuth.  '  IjO(f .  dlMtauoe. 


Walnut.  - 
Graham  . . . 
Sams  Point 
South  Hill 


55  55  20.0       235  46  10.1 


329  24  36. 5 
346  09  17.6 


149  ^1  57.0 
166  10  19.4 


\teter». 
4. 3618317 

4. 1781101 

4.4778895 

3. 9500518 


GRAHAM,  ULSTER   COITNTY. 

On  (Tniham  Mountain,  Hnrdoiiburj;  Township,  ^5  miles  south  of 
Sealer  post-office,  and  best  reached  from  Ark vi lie  station,  on  the 
Ulster  and  Delaware  Railroad.  The  highest  i)oint  is  very  sharp  and 
covei^nl  with  low  brusli,  most  of  which  was  cut  down  in  II^OO.  Land 
owned  ])y  George  .1.  (touUI,  of  New  York  C-ity. 

Station  mark:  A  copi.>er  ]>olt  in  flat  bowlder. 

[Latitude  42^  02  22.44  .     Longitude  74^  32  58.99  .] 


To  Htatioii 


Walnut  .   . 

Deyoe 

Andes  .    .   . 
Utsayantha 

Slide 

Sams  Point 


Azimuth. 


Back  azimuth.     Lofir.  distance. 


33  12  47.2 
90  19  47.4 
142  39  02.3 
175  14  48.4 
288  10  41.6 
338  34  47.4 


213  03  57.9 
270  09  54. 3 
322  31  31.2 
355  13  10.9 
108  23  15.3 
158  42  30.5 


4. 5237748 
4.3090438 
4. 4051606 
4.6026806 
4.1539652 
4.6430438 


WRITER,  ORANUK   COITNTY. 

On  a  brushy  rid^e  in  Mount  Ho])e  Township,  fi  miles  southwest  of 
Otisville  station,  on  the  Erie  Railway,  on  land  owned  by  Mr.  Writ-er, 
proprietor  of  the  Writer  House,  Otisville.  Tenant  lives  4(K)  yards 
east  of  station.  The  rid^e  is  cleared  on  eastern  side,  j^ivin^  a  good 
view  in  all  dii'ections. 

St-ation  mark:  A  copper  lK>lt  1  inch  in  dianiet^»r,  stamped  *'U.S.<t.S.," 
st»t  in  solid  r<x»k. 

Reference  marks:  Incli  hole  drilled  1  inch  diM^p  in  ledge;  azimuth, 
148*^;  distance,,  20.!l()  feet.  Inch  hole  drilled  1  incli  deep  in  ledge; 
azimuth,  IG"";  distance,  30.31  feet.  Inch  liole  drilled  1  inch  deep  in 
ledge,  south  end;  azimutli,  230"';  distance,  44.S()  feet. 
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[Latitude  iV  26'  27.34 '.    Longitude  74'  34'  28.46".] 


To  station- 

Azimuth. 

Back  azimuth. 

Lo^.  distance. 

High  Point  

28  45  25. 1 
158  28  59.5 
177  14  34. 5 
211  49  25.0 
253  18  36. 1 
319  07  01.4 

o          1         n 

208  41  57.3 
838  27  00.6 
857  14  10.5 
31  51  46.7 
73  27  08.3 
139  13  21.5 

Meter». 
4. 1818277 

Roads 

4. 0548316 

Wolf    

4.2408390 

Vernon 

Houston 

Eve 

3. 9785791 
4. 2725795 
4. 3105577 

WOLF,  SULLIVAN  COUNTY. 

In  Thompson  I'ownship,  on  a  timbered  ridge  1  mile  northwest  of 
Wolf  Pond,  on  land  owned  by  the  Sullivan  County  Club.  A  good 
view  can  be  had  in  all  directions. 

Theodolite  elevated  18^  feet  on  Htump  of  tree. 

Station  mark:  A  pine  tree  12  Inches  in  diameter  3  feet  above 
gi'ound,  having  a  pile  of  stone  6  feet  in  diameter  and  3  feet  high  piled 
about  it. 

Reference  marks:  Arrow  cut  in  ledge,  »3  by  2  feet,  a  very  little 
above  surface;  azimuth,  235°;  distance,  43.82  feet.  Arrow  cut  in 
bowlder  4  by  3  by  2  feet;  azimuth,  341°;  distance,  13.75  feet. 

[Latitude  41    35'  51.07 '.     Longitude  74"  35'  04.62' .] 


To  station— 

Azimuth. 

Back  azimuth. 

Log.  distancK 

/ 

0                /                /' 

O                 '                 »l 

Meters. 

HighPoint... 

11  53  48.5 

191  50  44.3 

4.4968098 

Roads - 

25  55  18.2 

•205  53  43.1 

3.880905:} 

Monticello 

129  54  19.4 

309  50  25.2 

4.0268466 

Walnut 

143  56  28.8 

323  49  05.3 

4.4175630 

Sams  Point .    

246  39  29.6 

66  48  34.2 

4.3149145 

Vernon 

328  18  37. 4 

148  21  23.3 

4. 0430398 

Writer. 

357  14  10.5 

177  14  34.5 

4. 2408390 

UTSAYANTHA,   DELAWARE   COUNTY. 

A  station  of  the  New  York  State  survey  1  mile  (air  line)  southeast 
of  St.amford. 

Theodolit^i^  elevated  GO  feet  in  an  observatory  49.3  feet  distant  from 
station.     True  azimuth  from  station,  197°  25'. 

Station  mark:  A  copper  bolt  set  in  solid  rock  18  inches  below  sur- 
face of  ground,  abi)ve  which  is  a  granite  post  18  by  6  by  6  inches 
marked  '-N.  Y.  S.  S.  27." 


WILSON  BT  Al. 

[Latitnde  42^ 
To  station— 

NEW 
23'  56.21", 

YORK. 
.    Longitude  7^ 

Azimuth. 

V  35'  24.12'.] 
Back  Hzirantb. 

3y 

Ijog.  distance. 

Andes . 

O             1               II 

31  31  09.9 
59  06  48. 4 
91  17  51.2 
134  05  00.6 
167  37  46. 6 
3:}9  10  51.4 
355  13  10.9 
127  39  12.0 

211  25  15.0 
238  57  34. 9 
271  05  06.7 
313  53  52. 2 
347  *^  08. 8 
159  19  04.0 
175  14  48.4 
307  16  39.4 

Mettra. 
4.3641901 

Bramley          .   ,, . 

4.8410478 

Meredith  

4.418S899 

Hooker      

4. 49693C8 

Otseflro 

4.6390267 

Slide 

Graham 

4. 6765330 
4.6026806 

Telford     

4. 7595348 

— 

HIGH    POINT,  SUSSKX  COUNTY,  N.  J. 

A  station  of  Ww  United  States  Coast  an<l  (4(»otletie  Survey,  in 
Monlajrnr  Townsliip,  4  miles  south  of  Port  ,T<M*vis,  on  the  liijirhest 
hiiKl  in  tlie  State. 

Station  mark:  A  chopper  bolt  set  in  solid  rock. 

[Latitnde  41-  19'  15.29  .     Longitude  74^  39  42.86  ".1 


To  Mtation— 


Walnut 

Roads 

Wolf 

Writer  .... 

Vernon 

Sams  Point 
Houston  .   . 

Eve 

Sterling  ... 
Bearf ort .  . 


Aziuiatb. 

U  /  II 

170  11  05.9 
187  27  33.4 
191  50  44.3 

208  41  57.3 

209  52  18.3 
213  07  28. 5 
233  25  04. 0 
275  49  24. 2 
280  11  32.0 
311  25  25.5 


Baf^k  a'/imuth. 


Hamburg 1^30  05  13.6 


350  06 

7  29 

11  53 

28  45 

29  58 
.'<3  IC 
53  37 
95  59 

100  28 
131  36 
150  10 


Log.  distance. 


48.2 
02.6 
48.5 
25.1 
07.8 
35. 9 
03. 5 
11.4  t 
18.1 
05. 8 
25. 4 


Me  tern. 
4.T211828 
4. 3817799 
4. 4968100 
4. 1818277 
4. 3909515 
4. 6672128 
4. 4973076 
4.3181160 
4. 5570329 
4. 4S02442 
4.3448511 


MONTICKLLO,    SULLIVAN   COUNTY. 

(Not  oeeupied.) 

Station  mark:  Standpii)e  at  Monticello. 

[Latitude  41    39'  32.12' .     Longitude  74'  40'  57.31 ".] 


To  station- 


Azimuth.       I  Back  azimuth.     Log.  distance. 


II 


I        '^        '        "  Metera. 

SamflPoint 267  04  09.7        87  17  09.0  4.4338327 

Wolf 309  50  25.2  I     129  54  19.4  I        4.0268466 
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OTSEGO,  OTSEGO  COUNTY. 

A  station  of  the  United  States  Coast  and  Geodetic  Survey  and  of 
the  New  York  State  survey,  in  Cherry  Valley  Township,  on  a  high 
ridge  3  miles  east  from  the  village. 

Station  mark:  A  granite  post,  48  by  6  by  0  inches,  set  42  inches  in 
the  ground,  marked  "N.  Y.  8.  S.  2(i." 

[Latitude,  42**  46'  54.73".    Longitade,  74"  42  14.60".] 


SUtlon— 


Wart 

Telford 

Taspel  Hill 
Utsayantha 


Aztmuth. 

Log.  distance. 

o                /                /» 

O                 '                »» 

Meters. 

72  05  40. 2 

251  52  56.0 

4. 4302101 

78  19  18.7 

258  01  19. 8 

4.5674238 

109  41  58. 7 

289  16  58.2 

4.7252676 

347  33  08.8 

167  37  46.6 

4.6390267 

WEST  MOUNTAIN,   HAMILTON   COUNTY. 

A  dome-topped  mountain  in  the  town  of  Long  Lake,  on  the  west  side 
of  Raquette  Lake.  Summit  entirely  cleared.  Is  l)est  reached  from 
Antlers  Hotel,  Raquett-e  Lake,  by  small  boat  to  trail  near  house  of 
Mr.  Blanchard  on  north  side  of  Sucker-brook  Bay,  thence  4  miles  to 
summit  of  mountain.     Water  within  one-half  mile  of  top. 

Station  mark:  A  copper  bolt  cemented  in  rock  on  highest  point. 
Station  number,  494. 

[Latitude  43°  51'  35.87".    Longitude  74*'  42  24.81".] 


To  station— 

Azimuth. 

Back  azimuth. 

Log.  distance. 

90  33  18.8 
133  53  48.4 
209  00  30. 7 
238  41  35. 4 
266  38  52.0 

o           /              // 

270  19  42. 3 

313  45  37.6 

29  10  08.7 

58  57  16. 0 

86  51  33.8 

Meten. 
4. 4201784 

4.3400136 

4.5811562 

4.5481265 

4.3906718 

Stillwater 

Webb 

Morris  .  . 
Kempshall 
Blue 


ANDES,  DELAWARE   COUNTY. 

On  a  prominent  timbered  mountain  locally  called  JVfount  Pisgah,  in 
town  of  Andes,  and  owned  by  Elliott  Graham.  ISIost  of  the  timber 
was  cut  down  in  1900,  one  birch  tree  being  left  for  a  signal. 

Station  mark :  A  bronze  triangulation  tablet  cemented  in  a  large 
flat  bowlder  on  highest  point  of  mountain. 

Reference  mark:  The  birch  signal  tree;  true  azimuth,  mark  to  ti*ee, 
110°  04'  distance  57  feet. 


WILSON  BT  AU]                                                 NEW 

[Latitade  42°  13'  16.81 ". 

YORK. 

.    Longitude  7 

Azimath. 

4   44'  11.38  ".1 

41 

ToBtatkm— 

Back  azimuth. 

Log.  distance. 

Deyoe  

13  43  09.3 
128  37  10. 9 
141  24  30.8 
145  37  50. 7 
211  25  15.0 
310  18  47. 4 
322  31  31.2 

87  13  22.4 

O                1               II 

193  40  46.2 
803  06  51.2 
321  21  12.8 
825  31  02.4 
81  31  09.9 
130  32  52. 6 
142  39  02.3 
266  48  12.8 

Meiers. 
4.3157763 

Bnttemnt 

4.6953869 

Bramley 

Meredith 

Utfmyinitha                                      .    , 

4.0337993 
4.3904370 
4.3641901 

aide 

Qrahani  .        .     ,                    .... 

4.5803074 
4. 4051606 

Willis 

4. 7127779 

WALNUT,  SULLIVAN  COUNTY. 

On  the  highest  point  of  Walnut  Mountain,  in  Liberty  Township, 
1:^  miles  southwest  of  Liberty  and  500  feet  north  of  the  Walnut  Moun- 
tain House.     A  good  view  can  be  had  in  all  directions. 

Theodolite  elevated  36  feet. 

Station  mark :  A  bronze  triangulation  tablet  cement.ed  in  solid  rock 
level  with  surface. 

Reference  marks:  Arrow  cut  in  ledge  east  edge  of  ridge;  azimuth 
326®,  distance  130.05  feet.  Arrow  cut  in  ledge  west  edge  of  ridge; 
azimuth  74°,  distance  71.42  feet. 

[Latitnde  4V  47  15.90  .    Longitnde  74^  46'  11.34  '.] 


To  station- 


White  Lake 

Knack 

Maalik 

Deyoe  

Graham  ... 

Slide 

Denm%n  .   . 
South  Hill 
Sams  Point 
Wolf    ... 
High  Point 


Azimath. 


Back  azimath.     Loff.  distance. 


O             1                II 

o      1      II 

Meters. 

23  31  16.3 

20S  28  34.7 

4. 1481685 

92  17  00.9 

272  08  34. 4 

4.2445692 

125  49  19.9 

305  41  52. 5 

4.2803796 

175  37  19.6 

355  36  17.2 

4. 4493156 

213  03  57.9 

33  12  47.2 

4. 5237748 

233  26  44.2 

53  42  07. 4 

4. 5971647 

235  46  10. 1 

55  55  20.6 

4. 8618317 

258  32  31.2 

78  42  43. 0 

4.3346119 

290  32  56. 2 

110  49  25.5 

4. 5648950 

323  49  05. 3 

143  56  28.8 

4. 4175680 

350  06  48.2 

170  11  05.9 

4.7211828 

DEYOE,  DELAWARE  COUNTY. 

On  a  heavily  timbered  ridge,  property  of  New  York  State,  2  miles 
noi-t>hwe8t  of  Lewbeach  iK>st-office. 
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Best  reached  from  Rockland,  a  station  on  the  New  York,  Ontario 
and  Western  Railway.     E.  D.  Deyoe  lives  1  mile  south  of  station. 

Theodolite  elevated  25  feet  on  stump  of  tree. 

Station  mark:  Stump  of  maple  tree,  18  inches  in  diameter,  25  feet 
high.     Six  lines  were  cut  through  timber  to  as  many  different  stations. 

[Latitude  42^  02'  25.29".     LonKitude  74'  47'  44.73'.] 


To  station— 


Manlik 

Starkweather 

Bramley 

Andes    

Qraham 

Walnnt   


Asimoth. 


38  13  30.4 
114  46  08.0 
176  16  54.6 
193  40  46. 2 
270  09  54. 3 
355  36  17.2 


Back  azimntb. 


218  07  04. 3 
294  35  52. 3 
356  16  00.  3 
13  43  09.3 
90  19  47.4 
175  37  19.0 


Loi:.  distance. 


Mctfrtt. 

4. 3326800 
4.3661821 
4. 4564693 
4. 3157762 
4.3090438 
4.4493156 


BRAMLEY,  DELAWARE   COUNTY. 

On  a  high  bare  ridge  in  Delhi  Township,  2^  miles  south  of  Hloom- 
ville,  on  land  owned  by  S.  G.  Hramley. 

Staticm  mark:  A  bronze  triangulation  tablet  cementcnl  in  soli<l  rofik, 
i)  inches  below  surface  of  ground. 

[Latitude  42^  17'  50.53".     Longitude  74'  49'  05.72 '.] 


To  station- 

Azimuth. 

Back  azimath. 

Log.  distance. 

Starkweather  

45  38  13. 7 
76  02  60. 0 
148  52  42.2 
238  57  34. 9 
321  21   12.8 
356  16  00. 3 
113  30  42.9 

O               1              II 

225  28  50. 9 
255  47  35. 1 
328  49  11.8 
59  06  48.4 
141  24  30.8 
176  16  54. 6 
293  21  14.0 

Meters. 

4. 4299297 

Loomis 

4.5118611 

Meredith 

4. 1403248 

Utsayantha 

Andes 

Deyoe 

4. 3410478 
4. 0337993 
4. 4564693 

Persons 

4. 8237562 

WHITE   LAKE,  SULLIVAN   COUNTY. 

(Not  occupied.) 

In  Bethel  Township,  on  a  timbered  ridge  at  south  end  of  White 
Lake,  on  land  owned  by  N.  Goldsmith,  who  lives  300  yards  southeast 
of  station.  A  wooden  tower  in  field  about  300  yards  west  of  station 
gives  a  good  view  from  N.  20°  E.  around  by  west  to  south. 

Station  mark:  Center  of  hemlock  tree  14  inches  in  diameter  3  feet 
above  ground,  having  a  mound  of  stones  5  feet  in  diameter  and  3  feet 
high  piled  about  it. 


WIUtON  KT  AIi.1 


NEW    YORK. 
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Reference  marks:  Arrow  cut  in  north  end  of  the  only  large  bowlder 
on  hill;  azimuth  23°,  distance  279.60  feet.  Arrow  cut  in  bowlder  16 
by  3  by  2  feet;  azimuth  157°,  distance  82.75  feet. 

[Latitude  4r  40'  17.80".    Longitnde  74°  50'  14.00'.] 


To  station— 

Azimnth. 

of              II 

Back  azimuth. 

Log:,  distauce. 

O                 /               " 

Meiers. 

Knack .    . . 

138  40  50.0 

318  35  05.6 

4.2574751 

Manlik  ... 

^ 

157  41  23.4 

337  36  38.2 

4.4149285 

Walnut.. - 

203  28  34.7 

23  31  16.3 

4.1481635 

HOOKER,  OTSEGO   COUNTY. 

Oil  a  high,  bare  knob  in  Maryland  I'ownship,  3^  miles  west  of 
S<^h<Miovus,  on  land  owned  by  E.  D.  Hooker  (post-office,  Westville). 

Station  mark:  A  granitt*  i)ost  48  by  G  by  0  inches,  set  42  inches  in 
tho  groiiiHl,  iimrked  "X.  Y.  S.  S.     409." 

[Latitude  42^  35'  43.00  .     Loiijfitnde  74^  51'  53.44".] 


To  Htation- 


Meredith  .. 
Telford  . . . . 
Wart    .... 
Utsayantha 


Azimuth. 

Back  azimuth. 

O               1               II 

u              1             II 

8  40  50.2 

188  48  12.6 

110  50  46.5 

200  30  21.7 

134  54  35.7 

314  48  24.0 

318  53  52.4 

134  a5  00.6 

Log.  distance. 

Meters. 
4.3320101 

4.4234765 

4.2450464 

4.4060308 


WEBB,  HERKIMER   COUNTY. 

Oil  high,  timbered  mountain,  3  miles  southwest  of  Gull  Lake  and  1 
mile  east  of  Long  Lake,  on  land  owned  by  II.  Seward  Webb. 

Can  Ih*  ivaehed  by  going  to  Bartlow  Junction,  on  Mohawk  and 
Malone  liailroad,  thence  by  private  railroad  to  Waterkirks  mill, 
thence  by  trail  to  Gull  Lake,  thence  by  Gull  Lake  and  Long  Pond 
trail  to  west  boundary  of  Webb's  reserve,  thence  south  along  line  to 
summit  of  ridge  (one-half  mile),  thence  east  about  700  feet  U)  signal. 

Tlieodolite  elevated  30  feet. 

Station  mark:  Iligli  stump  of  tree,  wliich  was  used  as  support  for 
theodolite. 

[Latitude  4;r  50'  40.77'.     Longitude  74^  54'  11.84 ".] 


To  Htatiou- 

Azimuth. 

Back  jizimuth. 

Log.  distance. 

MorriM 

West 

o          /              // 

241  55  11.4 
313  45  37.6 

J      1        II 

62  13  02. 3 

138  53  48.4 

Meters. 
4.  .5885048 
4. 3400136 
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MEREDITH,  DKLAW  ARK   iOUNTV. 

Oil  a  high,  bare  knob  about  2  milen  Houthwest  of  East  Meredith,  in 
Meredith  Township,  on  land  belonging  to  Finley  Gilchrist. 

Station  mark*:  A  marble  XH>8t,  28  by  6  by  6  inches,  set  24  inches  in 
the  ground,  in  the  center  of  top  of  which  is  ceinent-ed  a  bronze  trian- 
gulation  tablet. 

[Latitude  42°  24  1H.69-.     Longitude  74"  54  17.98'.] 


To  station— 


Azimath. 


Willis 58  43 

Starkweather 2129 

Loomis I  51  04 

Bnttemnt 104  16 

Telford.. 150  13 

Hooker. 188  48 

Utsayantha- ^  271  05 

Andes '  325  31 

BramJev ..  328  49 


52.5 
20.3 
52. 6 
10.6 
42.7 
12.6 
06.7 
02.4 
11.8 


Backazimatb. 


238  25 
201  23 
230  52 
284  02 
330  03 
8  49 
91  17 
145  37 
148  52 


28.4 
26.9 
57.0 

m,o 

50. 9 
50.2 
51.2 
50.7 
42.2 


Log.  distance. 


Meter*. 
4. 6437972 

4.5177814 

4.4960309 

4.4531355 

4.5987214 

4.3329191 

4.4138899 

4. 3904270 

4. 140.S248 


MAULIK,  SULLIVAN   COUNTY. 

On  a  partially  cleared  ridge  in  Freeinoiit  Township,  3  miles  south- 
west of  Rockland  Village,  on  the  New  York,  Ontario  and  Western 
Railway,  on  land  owned  by  John  Maulik,  who  lives  one-fourth  mile 
southwest  of  station. 

Station  mark:  Center  of  maple  tree,  2  feet  in  diameter,  cut  off  for 
instrument  support  28  feet  above  ground. 

Reference  marks:  Arrow  cut  in  large  bowlder;  azimuth  322°,  dis- 
tance 7.86  feet.  Arrow  cut  in  ledge,  south  side  of  ridge;  azimuth  .Sl°, 
distance  75.77  feet.  Arrow  cut  in  flat  Iwwlder;  azimuth  106°,  distance 
49.87  feet. 

[Latitude  41    53  17.14".     Longitude  74"  57  22.07'.] 


To  station- 


Azlmntb. 


Back  azimuth. 


Knack    .   . . 

Deyoe 

Walnut .... 
White  Lake 


/» 


Log.  distance. 


11  08  31.8  .     191  07  32.3 
218  07  04. 3  ;      38  13  30. 4 


305  41  52.5 
337  36  38. 2 


125  49  19.9 
157  41  23.4 


Sfeters. 
4. 0280701 

4.3326800 
4.2803796 
4. 4149285 


WU«ON  KT  AI^l 


NEW    YORK. 
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KNACK,  SULLIVAN   COUNTY. 

In  Delaware  Township,  ou  a  partially-cleared  ridge  2  miles  west  of 
the  village  of  Jeffersonville,  on  land  owned  by  Peter  Knmjk,  who 
lives  20()  yards  east  of  station. 

Station  mark:  A  bronze  triangulation  tablet  crnienkMl  in  solid  rock 
4  by  3  feet  by  1  foot. 

Reference  marks:  Arrow  cut  in  rock  10  by  J5  l>y  2  feet;  azimuth 
105*^,  distance  33  feet.  Arrow  cut  in  if>ck  on  east  side  of  ridge;  azi- 
muth 47°,  distance  75  feet.  Arrow  cut  in  rock  very  little  alwve 
8urfa<te;  azimuth  34°,  distance  70  feet. 

[Latitude  41    47'  37.88\     Longitude  74^  58'  51.35'.] 


T<»  station- 


Azimuth. 


Back  azimnth. 


Maulik     . . . 
Walnut... 
White  Lake 


1J)1  <)7  32.3 
272  08  34.4 
;U8  3.*>  05.6 


11  08  31.8 

92  17  00.9 

138  40  50.0 


lA>g.  (liHtanco. 

Mr  t  era. 
4.0280701 

4. 2445693 

4. 2574751 


WART,  OTHF.GO    COUNTY. 

On  a  bai-e  knoll  of  cultivated  land  owned  by  T.  T.  Thompson,  5 
iniU\s  w^est  of  Cooi)erstown,  in  Otsego  Township.  The  st>ation  is  in 
the  southeast  corner  of  field,  about  8  feet  from  the  fence. 

Station  mark:  A  stone  iK)st  30  ])y  0  by  0  inches  set  28  inches  in 
the  ground,  in  th<»  center  of  top  of  which  is  cemented  a  bnmze  trian- 
gulation tiiblet. 

[Latitude  42    42' 24.89  .     Longitude  75   01   00.54'.] 


To  Ktation- 


Telford 
Otsego . 
Hoo^^er 


Arimutli. 

1 

Back  azimuth. 

U 

>g.  distance. 

J       '        II 

V             /               // 

Meters. 

94  08  39.9 

274  m  25.5 

4.0242858 

251  52  56.0 

72  05  40.2 

4.4302101 

314  48  24.9 

134  54  35. 7 

4.2450464 

STILLMATKK,  HKKKIMKK   C'OUNTY. 

On  Stillwater  Mountain,  about  1 1  miles  west  of  Bt»aver  station,  on 
Mohawk  and  Malone  liailway,  an<l  i*  miles  southwest  of  the  still  water 
in  Beaver  River. 

Station  mark:  A  bronze  triangulation  tablet  eemented  in  solid  rock. 


46 


PRIMARY  TRIANGULATION  AND  PRIMARY  TRAVERSE,    [bull.  181. 


[Latitude  48'  51'  42.44".    Longitude  75'  02'  02.20 '.] 


To  station- 

Azimnth. 

Back  asimnth. 

o                     n 

225  06  29.5 
286  28  57. 4 
169  87  16. 7 
301  19  41.7 
58  42  55. 4 
90  88  18.8 

Log.  distance. 

Schwartz  

O               »                 II 

45  18  88.0 

56  42  88.8 

71  51  40.6 

121  24  06.2 

283  19  38.8 

270  19  42.8 

Metert. 
4. 5182215 

Gnm 

Rock 

4.6363842 
4.4461049 

Alder 

3. 9989646 

Morris - 

West 

4. 7457777 
4. 4201784 

STARKWEATHER,  DELAWARE   COUNTY. 

On  a  partially  cleared  ridge  in  Walton  Township,  G  miles  southeast 
of  Walton,  on  land  owned  by  J.  H.  Starkweather,  who  lives  one-half 
mile  east  of  station. 

St.ation  mark:  A  bronze  tablet  ceinent-ed  in  lM>wlder  4  by  3  by  2 
feet. 

Refei'ence  marks:  Arrow  cut  in  ledge;  azimuth  50°,  distance  113.10 
feet.  Arrow  out  in  ledge;  azimuth  110°,  distance  75.17  feet.  Arrow 
cut  in  ledge;  azimuth  185°,  distance  31.15  feet. 

[Latitude  42^  07  89.85".     Longitude  75^  03'  03.35".] 


To  station— 

Azimuth. 

Back  azimuthi. 

Log.  distance. 

Rockrift 

o           '           /• 

79  47  14.9 
131  36  04.7 
201  23  26. 9 
225  28  50.9 
294  35  52. 3 

259  40  09. 7 

311  30  03.7 

21  29  20. 3 

45  38  13.7 

114  46  08.0 

Metert. 
4. 1704092 

Loom  is 

Meredith 

4.2172014 
4. 5177814 

Bramley 

4. 4299297 

Deyoe 

4. 8661821 

PERSONS,  DELAWARE   COUNTY. 

(Not  occupied.) 

On  a  round,  bare  knoll  in  Franklin  Township,  on  land  owned  by 
A.  R.  Persons  (Treadwell  post-office). 

Station  mark :  A  bronze  tablet  cemented  in  solid  rock  15  inches  below 
surface  of  ground  and  cov^ered  with  a  small  pile  of  flat  stones. 

[Latitude  42'  22  22.15' .     Longitude  75   03'  10.37  .] 


To  station — 


Butternut 
Meredith  . 
Bramley . . 


Azimuth. 


124  07  36. 1 
254  10  13.3 
293  21  14.0 


Back  azimuth.      Log.  distance. 


II 


304  00  03.0 

74  16  12.8 

113  80  42. 9 


Meters. 
4.2681221 

4.1022924 

4.8237562 


WILSON  rr  AL.] 


NEW    YORK. 
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MYERS,   ONEIDA   COUNTY. 

A  low,  jmrtittlly  cleared  hill,  6  miles  northeast  of  Forestport,  locally 
known  as  **Myera  Hill."  The  Herkimer-Oneida  county  line  passes 
over  the  hill  about  1,000  feet  east  of  station. 

Station  mark:  A  copper  bolt  marke<l  **U.  S.  G.  S.  N.  Y.  487"  set  in 
solid  rock. 

[Latitude  43"  28'  39.82  \    Longitude  75"  06'  01.72  '.] 


To  Htatiou  — 


Schuyler 
Penn     . 
Boonville 
Gum ... 
Schwartz 


Azimuth. 


n 


2  07  08.5 

49  54  30.9 

90  50  27. 0 

121  30  13.6 

137  06  45.4 


Back  azimuth,  i  Log.  difltanoe 


182  06  29. 1 
229  47  55.8  \ 
270  41  15. 1 
301  14  26. 1 
316  57  29.4 


Meters. 
4.5450250 

4.2281188 

4. 2559818 

4. 5579031 

4. 4242541 


ALDER,   HERKIMER  COUNTY. 

On  Aldei-  Ci^eek  Mountain,  about  23  miles  east  of  Lowville  and  5 
miles  northeast  of  Number  Four  post-office.  Can  be  I'eached  by  fol- 
lowing Alder  Creek  trail  northeast  from  Number  Four  post-office 
HlM>ut  3  miles,  thence  east  2  miles  to  signal. 

Station  mark:  A  copper  bolt  cemented  in  solid  rock. 

[Latitude  43   54'  30.68".    Longitude  75'  08'  23.79".] 


To  station- 


Schwartz 
Gum 

Rock 

Elmt^r 

Stillwater 


Azimuth. 

Back  azimuth. 

o     '     // 

o      /      //   _ 

27  39  52.0 

207  32  12.2 

43  37  18. 7 

223  23  05. 7 

52  18  27.6 

232  09  09. 7 

77  08  05. 2 

256  49  08. 1 

301  19  41.7 

121  24  06.2 

Log.  distance. 
Meters. 

4.5061884 
4.6025889 
4. 8572003 
4. 5752192 
3. 9989646 


TELFOKI),  OTSKGO   COUNTY. 

On  a  knob,  cleared  on  sonth  end  but  heavily  tim])ered  on  north  end, 
in  Hurlington  Township  0  miles  east  of  Kdnieston  and  10  miles  west 
of  C'ooperstown.     The  land  is  owned  by  S.  VV.  Telford. 

Station  mark :  A  copper  bolt  wet  in  solid  rock  1  foot  below  surface 
of  jrround,  above  which  is  a  red  sandstone  block  15  by  11  by  1 1  inches, 
in  cent<?r  of  top  of  which  is  cemented  a  bronze  triangulation  tablet. 
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[Latitade  42^^  42'  49.40  .    Longitude  75^  06'  44.06 '.] 


To  station— 


Azimnth. 


II 


Bnttemut 

Sherburne 

Otsego 

Wart .. 

Hooker 209  39  21.7 

Utsayantha 807  16  89.4 

Meredith 830  08  56.9 


15  42  04.0 

69  22  27.2 

258  01  19. 8 

274  08  25.5 


Back  asimath.     Log.  distanoe 


195  38  15.2 
249  10  52. 8 
78  19  18.7 
94  08  39.9 
119  50  46.5 
127  39  12.0  [ 
150  13  42. 7  i 


Meter». 
4.4555214 

4.3969068 

4.5674238 

4.0242858 

4.4234765 

4.7595348 

4.5987214 


LITCHFIELD,  HERKIMER  COUNTY. 

In  Litchftelcl  Township,  one-half  mile  north  of  JeruBalein  Church, 
on  a  cultivated  bare  hill  owned  by  H.  Wheelock. 

Station  mark :  A  stone  post  30  by  8  by  6  inches,  set  28  inches  in  the 
ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  triangula- 
tion  tablet. 

[Latitude  42^  59  05.65  .     Longitude  75^  08'  44.168 '.J 


ToBtatioD 


Azimuth. 


Plainfield 
Tassel.... 
Schnyler . 


H 


10  03  22.7 

70  59  03. 1 

186  52  09. 4 


Back  azimnth. 


Log.  distance. 


o         / 


II 


190  01  40. 3 

250  52  08. 1 

6  58  21.2 


Mtten. 
4.2918608 
4.1696687 
4.2975486 


PLAINFIELD,  OTSEGO  COUNTY. 

On  a  bald  ridge  owned  by  J.  J.  Roberts  in  town  of  Plainfield,  1^ 
miles  south  of  Plainfield  Center.  Some  timber  still  standing  on  west- 
ern end  of  ridge. 

Station  mark:  A  blue  stone  post  36  by  G  by  6  inches,  set  22  inches  in 
the  ground  and  i-esting  on  solid  rock.  In  the  center  of  top  of  post  is 
cemented  a  bronze  triangulation  tablet. 

[Latitude  42^  48'  40.79".    Longitude  75"*  11'  14.66".] 


To  station— 


Azimuth. 


Tassel  .  . 
Litchfield 


// 


Back  azimnth. 


// 


143  51  27.3 
190  01  40. 3 


323  46  10.4 
10  03  22. 7 


Log.  distance. 


Meier  a, 

4.2530080 

4.2918608 


WILBOU  mr  AL.] 


NEW    YORK. 
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LOOMIS,  DELAWARE   COUNTY. 

On  a  pHrtially  cleared  ridge  in  Walton  Township  alxnit  5  miles 
northwest  of  Walton  and  three-fourths  of  a  mile  north  of  Loomis 
post-office.     Jjand  owned  by  Mr.  Allen,  of  Walton. 

Station  mark:  A  copper  bolt  set  in  bowlder  level  with  surface  of 
ground. 

Reference  marks:  Six-inch  spike  driven  in  center  of  l)lazc  on  lone 
wild  cherry  tree  in  field;  azimuth  194°,  distance  004.30  feel.  Six-inch 
spike  <lriven  in  blaze  on  oak  tree  8  inches  in  diameter;  azimuth  346°, 
distance  123.35  feet. 

[Latitude  42^  13'  34.33  .     Longitude  T.")    12  01.02' .] 


Tn  Htatioii- 


Azimuth. 


Back  azimuth,   j  Log.  distauoe. 


Rockrift ,  9  U\  17.1 

Willis 76  20  58.7 

Meredith  ... 230.52  57.0 

Bramley 255  47  ;{5. 1 

Starkweather 31130  03.7 


1H9  15  12.3 

25r>  14  :^0..s 

51  04  52.6 

76  02  60. 0 

131  36  04. 7 


SteU'ru. 
4. 1384968 

4. 1345778 

4.4060309 

4.5118611 

4.2172014 


KOCKRIFT,  DELAWARE    COUNTY'. 

(Not  occupied.) 

On  a  hijfh  timliercd  rid^e  in  Walton  Township. 

Station  mark:  Hemlock  signal  tree,  2  feet  in  diamet<^r,  with  two 
nott*hes  cut  on  noHh  and  south  fa<;e,  and  a  mound  of  stoii<»  0  feet  in 
diametcM*  and  3  feet  high  i)iled  around  it. 

Refei-ence  marks:  Six-inch  spike  driven  in  center  of  blaze  on  maple 
tree;  azimuth  35°,  distance  41.93  feet.  Six-inch  spike  driven  in  cen- 
ter of  blaze  on  l)eech  tree  10  inches  diameter;  azimuth  11 7\  distance 
:?8.34  feet.  Six-inch  spike  driven  in  center  of  blaze  on  rock-oak  tree 
10  inches  diamet/cr;  azimuth  205°,  dist^ince  4(>.23  feet. 

[Latitude  42   06   14.29  .     Lon^'itude  75    13  37.48  ']. 


T(»  Htatidii- 


A /.ill!  nth. 


}ia<:k  azimutl).   :  Ta>i;.  diHtance. 


"  "       '        "  Mftirn. 

WiUia    ..     133  10  5:13!     313  05  30.6  4.1799136 


Loomis j     189  15  12.3  i 

Starkweather !    259  40  09.7 


9  16  17.1 
79  47  14.9 


4. 1384968 
4. 1704092 


Bull.  181—01 


4 
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BUTTERNUT,  OT8E(K>  (H>UNTY. 

On  a  cleared  k^iob  in  Butternut  Township,  on  land  owned  by  Wal- 
ter Wood  and  occupied  by  Mr.  Foote. 

Station  mark:  A  marble  post  36  by  6  by  6  inches,  set  32  inches  in 
the  gpround,  in  the  center  of  top  of  which  is  cemented  a  bronze  tri- 
angulation  tablet  marked  "New  York  517." 

[Latitude  42"  27'  58.70  .     Longitude  75    14  22.18"]. 


To  station— 


Willis 

Bobell  .  _ 
Whitcomb 
Sherburne 
Telford  ... 

Meredith- . 
Andes 


Asimnth. 


Back  azimuth.      Loflf.  distaiK-e. 


18  30  41.8 
59  42  52.4 
81  29  42. 1 
140  03  35.8 
195  38  15.2 
284  02  38. 0 
303  06  51.2 


198  25  48.0 
239  25  OUl 
261  18  89. 1 
319  55  51.7 
15  42  04.0 
104  16  10.6 
123  27  10.9 


Mrtern. 
4. 4986447 

4.«251;388 

4. 3560978 

4. 3866556 

4. 4555214 

4. 45:^1355 

4. 69.5:j;V>9 


PENN,    ONEIDA   COUNTY. 

A  United  States  Coast  and  Geodetic  Survey  station,  on  n  bare  hill 
in  SU^uben  Township,  about  2  miles  west  of  Steuben  st-atiou. 

UlS 
Station  mark:    A  granite  post  marked  ^^',,  with  four  granite  wit- 
ness i)osts.  "^ ' 

[Latitude  43^  22  46.56  .     Longitude  75   15  36.36  .] 


To  statiuti— 


Gum  

Boonville 

Schwartz  .  . . 

Myers  _ 

West  Canada 
Fort  Noble   . 

Hamilton 

West  Creek  . 
Schuyler 


Azimuth. 

Back  aziuiuth. 

1       1' 

Ix>jf .  <listan<*tt. 

O                   1                   1. 

148  54  29.0 

328  45  18.0 

4. 5407023 

155  21  42.2 

;«5  19  05.8 

4.08H5049 

170  16  34.5 

350  13  54.: 

4.  48S3160 

229  47  55. 8 

49  54  30.9 

4.2281188 

249  30  13.7 

69  52  17.9 

4.6642^05 

264  17  01.0 

84  34  59.0 

4.  5500200 

266  52  46.9 

87  29  36.5 

4.8601480 

280  50  11.0 

101  13  37.0 

4.  6719400 

334  10  19.3 

154  16  17.0 

4. 4284693 

TASSEL,    ONEIDA    COUNTY. 

A  station  of  the  United  States  Coast  and  Gecnletic  Survev  and  of 
the  New  Yofk  St^te  l^urvey,  in  Marshall  Township,  5  miles  east  of 
Waterville. 


WlUWilf  IT  AU] 
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Station  mark:  A  granit<e  post  4^  by  G  by  6  inches,  set  44  inches  in 
the  ground,  and  marked  **N.  Y.  S.  S.  29.'' 

[Latitude  42^^  66'  39.13  .    Longitude  75    19  00.48  .] 


To  station— 


Asimtith. 


Schuyler 213  34  46.8 

Litthfield 250  52  03.1 

Plainfield 323  46  10.4 


Back  azimuth. 

33  42  59.6 
70  50  03. 1 

143  51  27.8 


Log.  distance. 
Metvt'tt. 

4.4692854 
4.1696687 
4. 2530060 


BOONVILLK,  ONEIDA   (^OUNTY. 

A  high  cleared  hill  in  H<K)nville  Park. 
Station  mark:  FlagstKaff  in  park. 

(Latitude  43   28  47.61  .     Lonj,'itude  75    19  23.79  .] 


To  Htatioii— 


Myers 
Peiin 


Azimnth. 

270  41   15.1 
335  19  05.8 


Hack  Hzimutli.      I j<»k- distance. 


90  50  27.0 
155  21  42.2  I 


Metvra. 

4.2559318 
4.08a5049 


SCHWARTZ,  LEWIS  COUNTV. 

On  high  ground  on<»-half  mile  east  of  Schwartz  siduKdhouse  in  Gi'eig 
Township. 

The<Mlolitt»  elevat«*d  50  feet. 

Station  mark:  A  granit-e  jxist  in  t^>p  of  whicli  is  cemented  a  copper 

lH)lt. 

ILatitnde  43    39  0J).63  .     Ltmginule  75    19  28.37  .] 


To  Ktation- 

Gniii     .   - -  -   - 

Elmer  - 

Roc^k 

Alder 

Stillwater  ^ 

Myers 

Penn 


A/.iiunth. 

87  15  20.8 

132  :M)  13.8 

lO:   43  45.6 

207  :{2  12.2 

225  (Mi  29.  5 

3ir,  57  29.4  I 

350  13  54.  7 


BH<*k  azimuth. 

267  08  48.6 

312  IN  58.8 

347  42  08.2 

27  3i»  52.0 

45  IH  Jiii.O 

137  06  45.4 

170  16  34.5 


Ijotjf.  diHtanco. 


Metrrit. 

4.1055027 
4.4710612 
4.1709796 
4. 5061884 
4. 5182215 
4. 4242541 
4.488;n60 


WILLIS,    DELHI   COUNTY. 

On  the  summit  of  a  l>aiv  flat  ridge  in  the  town  of  Masonville,  3 
miles  south  of  the  village. 
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Station  mark:  A  marble  post,  16  by  7  by  7  inches,  set  24  inches  in 
the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  trian- 
gulation  tablet. 

[Latitude  42^  II'  49.65  .    Longritude  75"  21'  88.42 ".] 


To  station— 


Asimuth. 


Back  azimuth.     L<>|^.  dintance. 


Bobell !  107  59  21.4 

Whitcomh    .  ...   154  47  29.0 

Bnttemut 198  25  48.0 

Meredith 238  25  28.4 

Loomis 256  14  80.8 

Andes... 266  48  12.8 

Eockrift- 313  05  80.6 


287  46  26.2 
384  41  21.8  I 
18  30  41.8  ■' 
58  43  52.5  ' 
76  20  58.7 
87  13  22.4 
183  10  53.8 


Meters. 
4.4488558 

4.4669988 

4. 4986447 

4.6487972 

4. 1345778 

4.7127779 

4. 1799136 


ROCK,    LEWIS   COUNTY. 

A  high,  rocky  iM)int  in  Watson  Township,  8  miles  eiist  of  liowville, 
on  land  owned  by  George  Venatti. 
Station  mark:  A  bronze  triangulation  tablet  cemenU^l  in  solid  rtK'k. 

[Latitude  4;^^  46  58.98' .     Longitude  75   21  49.26'.] 


To  station — 

Azimuth. 

'  Back  azimuth. 

I 

Q                  0                  *f 

212  18  07.9 
286  14  32.9 
349  36  07. 9 
52  18  27. 6 
71  51  40.0 
167  43  45.6 

Loff.  diRtanee. 

Gum 

32  28  08.  2 
106  24  11.0 
169  37  16. 7 
232  09  09.7 
251  37  58.6 
347  42  08. 2 

Meterg. 
4.2524113 

Elmer 

4.2890136 

Croerhan : 

4. 0906550 

Alder _ 

Stillwater 

4.3572002 
4. 4461049 

Schwartz  . .  _ 

4. 1709796 

CROGHAN,    LEWIS  COUNTY. 

Catholic  church  in  the  village  of  Croghan. 
Station  mark:  Stone  tower  on  church. 

[Latitude  43''  53'  81.64".     Longitude  75   23  28.71".] 


To  station- 

Azimuth. 

Back  azimuth. 

Ix)tjr.  distiiiico. 

Qnm 

O             <              " 

o               /               /^ 

Meter*. 
4.4501668  . 

Elmer    

Rock    ..  

68  01  58.6 
349  36  07.9 

247  53  28.7 
169  87  16.7 

4.2486477 
4.0906550 
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SHERBUKNK,    CHENANCiO   COUNTY. 

On  a  long  bare  hill  owiie<l  by  Nicholan  liichanis,  in  the  extreme 
southeastern  corner  of  the  town  of  Sherburne. 

Station  mark:  A  bowlder  24  by  10  by  10  inches  sunk  24  in(*,hes  in 
the  ground. 

[Latitude  42^  38  03.40  .     Longitude  75^  25  48.51".] 

To  station-  Azimuth.  Back  aziinnth.     \jog.  dintanne. 

<■        ■       "        ■         Meters 

WhiUomb 17  03  37.4  197  00  17.2  4.3629384 

Berry I  66  23  09.5  246  12  35.3  4.3680101 

Smyrna 109  43  51.3  289  34  43.9  4.2907616 

Telford '  249  10  52.8  69  22  27.2  4.3979068 

Butternut .     ....'<  319  55  51.7  140  03  35.8  4.3866556 


GUM,  LEWIS   COUNTY. 

On  i\  high,  cleared  point  in  Turin  Township,  alK)ut  4  miles  north- 
west of  Turin  Village,  on  land  owned  by  Thomas  Evans,  who  lives 
2,000  feet  east  of  station. 

Station  mark:  A  stone  post  48  by  8  by  8  inches,  set  flusli  witli  sur- 
fac<*  of  ground;  in  the  center  of  top  is  cemented  a  bronze  triangula- 
tion  tablet. 

[Latitude  4;i  38  49.46  .     Longitude  75   28  56.60  .] 


To  Htation  — 


Azimatb. 


Ba<^k  azimuth.     Lok-  distauce. 


Rock 212  18  07.9 

Alder 22:^23  05.7 

Stillwater   ., 2:i6  23  57.4 

Schwartz.. 267  08  48.6 

MyerH 301  14  26. 1 

Penn 328  45  18.0 


32  23  03.2 
43  37  18.7 
56  42  33.8 
87  15  20.8 
121  30  1;16 
148  54  2^).0 


Meferg. 

4.2524113 
4. 6025889 
4.6363342 
4.1055027 
4.r>579931 
4. 5407023 


NVHITCOMB,  CHENANGO   COUNTY. 

On  the  south  end  of  a  hill  in  the  t-owii  of  (-ruilford  and  on  the  west 
side  of  north  pond. 

Station  mark:  A  cut  bluestrone  iM)st  48  by  <>  by  <*>  inches,  set  ^tJ 
inches  in  tlie  groun<l,  in  tlie  center  of  top  of  which  is  cemente^l  a 
bronze  triangulation  tablet,  marke<l  *'New  Vork  r>lS." 
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[Latitifde  42°  26'  08.7 1'.    Longitude  75"  80'  44.55  ". ] 


To  8tatiou- 

Azimuth. 

37  45  58. 1 
130  56  19. 9 
197  00  17.2 
261  18  39. 1 
334  41  21.3 

1 
Back  azimuth. 

1 

217  39  09.0 

310  49  06. 8 

17  03  37. 4 

81  29  42. 1 

154  47  29.0 

liOgr.  distance. 

Bobell 

Meter: 
4.  a564016 

Berry 

4. 2869704 

—  -  ^ 
Sherburne  .. 
Bntternnt    . 

..-- 

4.3629384 
4. 3560978 

Willis 

4.4669983 

\ 

ELMER,    LEWIS  COUNTY. 

Seven  miles  iioi'tliwest  of  Lowville,  in  t4)wii  of  Hftrrisburg,  1  mile 
Koiitli  of  Harrisburg  post-office,  on  land  owned  by  E.  P.  Ehner. 

Station  mark:  A  marble  post  48  by  S  by  H inches,  set  fliisli  with  sur- 
face of  ground,  in  center  of  top  of  which  is  ctement-ed  a  bronze  trian- 
gulation  tablet. 

[Latitude  43"  49'  56. 12".     Longitude  75'^  35'  44.54  .] 


To  station- 

Azimuth. 

Bock  azimuth. 

O                  /                  II 

68  01  58.6 

77  08  a5. 2 

10  i  24  11.0 

132  30  13.8  ; 

1 

Log.  distance. 

Croghan  . 
Alder 

247  53  28. 7 
256  49  08. 1 
286  14  32.9 
312  18  5H.8 

Metern. 
4.2486477 

4. 5752192 

Rock 

Schwartz  . . 

4. 2890136 
4.  4710613 

SMYRNA,  CHENANGO  COUNTY. 

On  the  highest  point  of  a  bare  hill  in  the  t^>wn  of  Smyrna,  4  miles 
west  of  the  village. 

Station  mark:  A  bluestone  i)08t  48  by  6  by  6  inches,  set  30  inches 
in  the  ground  (resting  on  solid  rock),  in  the  center  of  the  top  of  which 
is  cemented  a  bronze  triangulation  tablet. 

[Latitude  42'  41'  36.32  .     Longitude  75°  39'  16.21' .] 

I        Azimuth. 


To  station — 


II 


Berry 10  29  21.3 

Sherburne 289  34  43.9 


Back  azimuth. 


190  27  53.7 
109  43  51.3 


Log.  distance. 


Meterg. 
4.2100681 

4. 2907616 


BOBELL,  CHENANGO  COUNTY. 

A  station  of  the  New  York  State  survey,  situated  on  the  highest 
point  of  a  bare  hill,  in  the  town  of  Coventry,  4  miles  south  and  1  mile 
east  of  the  village. 
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Station  mark:  A  granit.e  jH>Ht  of  the  New  York  Stat-e  survey  marked 
N.  Y.  S.S.300." 

[Latitude  42    16  26.18  .     Longitude  75"  40  51.75".l 


To  HUtioQ— 

Azimuth. 

!  Back  azimuth. 

Iiog.  diatanoe. 

Windsor 

0               1               n 

15  53  33.8 
76  :^  30.0 
122  53  27. 9 
178  33  16. 1 
217  39  09.0 
287  46  26.2 
239  25  01. 1 

1 

u               /                // 

195  50  55.6 

256  26  28.6 

'    302  34  53. 6 

358  32  53. 2 

37  45  5«.  1 
107  59  21.4 

59  42  52. 4 

Meter*. 
4. 2956850 

Maine 

Virgil . 

Berry . .   . . 

Whitcomb .   

4.4029914 
4. 6527993 
4.4865173 
4. 3564016 

Willis    

Butternut 

4. 4438558 
4. 6251388 

BERRY,  CHENANGO  COUNTY. 

A  station  of  the  New  York  State  survey,  on  the  town  line  l>etween 
Pharsiilia  and  AfcDcmough,  1^  miles  east  of  East  Pharsalia. 
Station  niHrk :  A  granite  post  marked  ''  N.  Y.  S.  S.  381." 

[Latitude  42^*  32'  59.40  '.     Longitude  75^  41'  25.64".] 


To  HtAtion 


Azimuth 


I 


Virgil I  80  25  34.2 

Solon '  109  51  50. 1 

Smyrna !  190  27  53.7 

Sherburne j  246  12  35. 3 

Whitcomb         ...i  310  49  06.8 

Bobell ...'  aw  32  53. 2 


Back  azimuth. 


LoiT.  distance. 


260  07  19. 8 
289  39  49. 6 
10  29  21.3 
66  23  09.5 
130  56  19.9 
178  33  16. 1  I 


Metern. 

4. 5740224 
4.4115321 
4.2100681 
4. 3680101 
4. 2869705 
4.4865173 


WINDSOR,   BROOME    COUNTY. 

A  stati<m  of  the  New  York  State  survey,  situated  on  the  highest 
part  of  a  tim])ered  hill,  one-half  mile  north  and  1  mile  east  of  West 
WiiKlsor. 

Station  mark :   A  broken  granilo  post  of  the  New  York  StAte  survey. 

[Latitude  42^  06   10.26  .     Longitude  75'  44'  47.29  ".] 


T«»Mtation- 


Azimuth. 


Ely  ... 
Maine 
Virgil 
BoImU 


// 


97  31  41.6 
124  22  43. 3 
14:i  16  17.9 
195  50  55. 6 


Back  azimuth. 

o  /  /' 

277  24  41.3 

:m  13  21.2 

323  00  23. 8 

15  58  33.8 


T.iOi;.  distance. 


Meters. 

4. 1620909 
4. 3668694 
4. 7334862 
4. 2956850 
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m'donough,  (^hknango  county. 

A  secondary  station,  on  a  comparatively  low  hill  in  McDouough 
Township,  about  10  miles  west  of  Oxford  and  one-half  mile  west  of 
McDonough  village,  on  land  owned  by  George  Jones.  The  view  is 
partly  cut  off  by  timber  and  higher  hills. 

Station  mark:  A  pole  6  inches  in  diameter  set  in  ground  and  rest- 
*  ing  on  a  bowlder  18  inches  under  ground,  on  upper  surface  of  which 
a  triangle  was  cut. 

Reference  marks :  Stone  wall  20G  feet  east.    Stone  wall  204  feet  west. 

[Latitude  42°  29'  55.88  .     Longitude  75"  47'  13.87  '.] 


To  Btation— 


Berry. 
Bobell 
Beadle 


Axdmuth. 

Back  adjnuth. 

L(>f(.diBtaDoe. 

0            /             n 

284  25  26.9 
340  40  10. 4 
a58  31  39.9 

o                /                // 

54  29  22.2 
160  44  28.0 
178  31  48.5 

Metera. 
3. 9898161 

4.4224870 

4.a')96390 

BEADLE,  CHENANGO  COUNTY. 

On  a  bare  hill  in  Smithville  Township,  1^  miles  northwest  of  Smith- 
ville  Flats,  on  land  belonging  to  H.  C.  Beadle. 

Station  mark:  A  bluestone  post  30  by  7  by  7  inches  set  30  inches  in 
the  ground,  in  the  center  of  top  of  which  is  ceiuente<l  a  bronze  triangu- 
lation  tablet. 

[Latitude  42°  24'  00.40  .     Longritude  75'  47  01.60". 


To  station - 


McDonough 

Berry  

Bobell  .... 


Azimuth. 


Ba«!k  azimath. 


178  31  48.5  358  31  39.9 
204  44  20. 5  24  48  07. 4 
328  49  36.8  ;     148  53  45.9 


Log.  distanod. 


Metera. 
4.0S96390 

4.2628410 

4.2141530 


ELY,    BROOME   COUNTY. 

An  observation  tower  on  the  fii'st  hill  northwewt  of  the  city  of 
Binghamton. 

Station  mark:  Cent-er  of  observatory. 

Reference  mark :  A  granite  post  48  by  6  l\v  G  inches  set  42  inches  in 

the  gronn<l,  '^5  feet  south  of  observatory,  and  marked  "N.  V.  S.  S. 

417." 

I  Latitude  42   07  11.47  .     Longitude  75°  55'  14.10".] 


To  HtHtion- 

Azimuth. 

Back  azimuth. 

Log.  diatauoe. 

Maine .  -  -  .     -  - 

O                '                   // 

156  42  55. 5 
277  24  41.3 

0               /                 It 

336  40  34.0 
97  31  41.6 

Meten. 
4.0672424 

Windsor . . 

4.1630909 
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BLOODY  POND,  (H)RTLAND  (BOUNTY. 

A  secondary  station  in  the  northwest  corner  of  the  town  of  Willet, 
on  the  highest  point  of  the  hill  to  the  northwest  of  Bloody  P(nid. 

Station  mark:  A  cut  marble  post,  30  b^'  H  by  6  inches,  set  30  in<;hes  in 
the  ground,  in  the  center  of  top  of  which  is  cementcnl  a  bronze  trian- 
gulation  tablet  nmrked  "New  Y^ork  510." 

[Latitude  42^  29  21.22  .     Longitude  75   57  ;«.14  '.] 


To  station— 

Azimnth. 

Rack  azimuth. 

73  13  12.8 
136  10  55. 1 

LcHC.  dlntanne. 

Berry 

Boliell 

253  02  15.6 
315  59  36.7 

Meiers. 

4. 3654326 
4.5210775 

MAINE,    BROOME   COUNTY. 

A  st-ation  of  the  New  Y^ork  StAte  survey  on  a  l)aro  lull  in  tho  eastern 
part  of  the  town  of  Maine. 

Station  mark:  A  granite  ])ost,  48  by  «>  l)y  Ti  inoht^s,  innrked  ''N.  V. 
S.  S.  30S." 

[Latitude  42    13  15.35  .     Longitude  75    5S  44.81  .] 


Ti>  Mtatioii 


Virjril    . 
Bobell 
Windsor 
Ely 


Azimuth. 


Back  azimnth. 


/' 


156  19  15.5  :^36  12  44.6 

256  26  28.6  |  76  38  30.0 

304  13  21.2  I  124  22  43.3 

3;^  40  34.0  156  42  55.5 


Lot;.  (liHtanc** 


Meier*. 
4. 5183599 

4. 4029914 

4.366S693 

4. 0S72424 


VIR(iIL,  CORTLAND  CK)UNTY. 

A  Station  of  the  New  York  St^te  survey  in  Virgil  townslii]). 
Station  mark:  A  granite  post,  48  by  <>  l)y  r*  inches,  set.  4l*  inches  in 
the  K»'<>"ii<l,  marked  *^N.  Y.  S.  S.  402." 

[Latitude  42    29  :M.07  .     L<m>?itude  76   08  24.96  .| 


To  Htatiou 


Solon 
Berry    . 
Bobell  . 
Mftine 
Warren 


i 

Azimuth.  Back  axiiuutii.      I^»k- tl'xtaiice 


II      I 


219  59  02. 5 
260  07  19.8 
302  34  53.6 
336  12  44.6 
3  16  28.7 


40  05  17.6 

>0  25  ;w.  2 

122  5:^  27. 9 

156  19  15.5 

laS  14  55.3 


SfeierA. 

4. 2937235 
4.5740224 
4.65279JKJ 

4.5is;r>JM) 

4.  747S659 


_.  1 .1 
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Primary  Traverse. 

Geographic  positions  along  Ogdensbtirg  and  Lake  Champlain  Railway  from 

Ogdensburg  to  Churutmsco, 


SUtion. 


Latitude. 


n 


Ogdensburg,  light-house  at  (United  States  lake  survey) 

Milepofit  1 14,  road  crossing  1 ,000  feet  east  of 

Milepost  111,  road  crossing  425  feet  west  of .. 

Lisbon  station 

Milepost  107.  road  crossing  205  feet  east  of 

Milepost  105,  road  crossing  1 ,555' feet  east  of.   . . . 

Milepost  102.  road  crossing  250  feet  west  of 

Madrid  station,  road  crossing  285  feet  west  of    . . .    

Trout  Brook,  road  crossing  1,325  feet  west  of 

Milepost  96,  road  crossing  1 ,540  feet  east  of . . 

Norwood  station,  4,200  feet  west  of;  copper  bolt  set  in 
south  end  of  east  abutment  of  bridge  over  Raquette 
River.  104  feet  south  of  center  of  track 

Norwood  station,  2,400  feet  west  of;  copper  bolt  in 
ledge  of  rock  in  bank,  11.8  feet  north  of  center  of 
track  and  74.5  feet  from  milepost  93 

Norwood  station,  about  one-fourth  mileeaHt  of,  Rome, 
Watertown  and  Ogdensburg  Railway  crossing 

Knapp  station . 

Milepost  87,  road  crossing  860  feet  west  of 

Milepost  85,  road  crossing  2,080  feet  east  of 

Winthop  and  Brasher  station,  585  feet  east  of.  west 
end  of  bridge  over  St.  Regis  River 

Milepost  81 ,  road  crossing  2,750  feet  east  of 

Milepost  79,  road  crossing  1,120  feet  east  of 

Milepost  77,  road  crossing  960  feet  east  of 

Milepost  75,  road  crossing  1,965  feet  west  of  . .  

Milepost  74,  road  crossing  2,070  feet  east  of 

Moira  station,  road  crossing  185  feet  west  of 

Moira  station,  about  1,130  feet  east  of,  in  rocky  pas- 
ture about  95  feet  south  of  the  center  of  railway 
track;  a  bronze  triangulation  tablet  set  in  rock 
outcrop  about  1  foot  above  surface  of  ground,  70.5 
feet  from  corner  of  pasture. 

Moira  station,  about  2,100  feet  east  of.  in  rocky  pasture 
about  79  feet  south  of  centerof  railway  track,  a  bronze 
triangulation  tablet  set  in  bowlder  about  5  by  2  feet 
6  inches  alx)ve  grouiul.     (Tablets  972.65  feet  apart) . . 

Brushton  stiUion.  road  crossing.  245  feet  east  of . . . .   . 


44  41 
44  42 
44  43 
44  43 
44  43 
44  43 
44  43 
44  44 
44  44 
44  44 


52.3 
52.4 
22.6 
38.4 
34.0 
41.7 
58.3 
10.0 
07.4 
24.7 


44  44  54.9 


44  44  59. 5 


44  45 
U  46 
44  46 
44  47 

44  47 
44  47 
44  47 
44  48 
44  48 
44  48 
44  49 


44  49  34.4 


08.2 
01.2 
49.0 
16.4 

39.1 
45.8 
56.2 
12.7 
25.4 
50.0 
31.8  '■ 


Loni^tude. 


75  30 
75  25 
75  21 
75  19 
75  16 
75  14 
75  10 
75  08 
75  06 
75  03 


n 

14.0 
06.0 
51.0 
09.6 
27.4 
06.3 
50.6 
52.1 
18. 5 
12.2 


75  00  22. 2 


74  59  58. 0 

74  59  08.6 

74  56  10.2 

74  53  16. 5 

74  50  12. 8 

74  47  09.0 
74  45  12.9 
74  43  09. 8 
74  40  46.4 
74  39  01.7 
74  36  57.0 
74  33  24.3 


74  33  06.2 


44  49  37. 1 
44  49  49.5 


74  32  53. 2 
74  30  31.2 
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Geographic  positions  along  Ogdensburg  and  Lake  Champlain  Raihoay  from 

Ogdenshurg  to  Chunibusco — Continned. 


Station. 


Milepost  65,  road  croBsing  110  feet  west  of 

Bangor  station,  road  croesing  100  feet  west  of 

Milepost  60,  road  crossing  620  feet  west  of 

Milepost  58,  overhead  road  crossing  1,580  feet  east  of.. 

Malone  station,  center  of 

Malone  Junction,  crossing  of  Ogdensburg  and  Lake 
Champlain  Railway,  and  Mohawk  and  Malone  Rail- 
way  

Malone,  Franklin  Ck)unty  fair  grounds,  south  meridian 
monument 

Malone,  Franklin  County  fair  gprounds,  north  meridian 
monument- 

Milepost  53,  road  crossing  2,280  feet  west  of 

Milepost  51 .  road  crassing  1 . 1 60  feet  east  of  . .       

Burke  station,  opposite  center  of 

Milepost  46,  road  crossing  1 ,390  feet  east  of .  

Milepost  44,  road  crossing  1 ,020  feet  west  of 

Milepost  43,  road  crossing  1,150  feet  east  of 

Milepost  40,  road  crossing  890  feet  west  of 

Milepost  39.  road  crossing  2,695  feet  east  of 

Churnbusco  triangulation  station,  cross  on  tower  of 
St.  Philominus  Catholic  Church . 


Latitude. 


I^ngitade. 


// 


44  50  26.8 
44  51  05.9 
44  51  31.4 
44  51  39. 9 
44  50  58.5 


// 


74  26  58. 6 
74  24  09.9 
74  21  34. 8 
74  18  44. 6 
74  17  83. 8 


44  51  30.4 

44  50  50.4 

44  51  00.2 
44  52  38. 6 
44  53  55.8 
44  54  10.4 
44  55  12.4 
44  55  25.8 
44  55  44. 1 
44  56  21.0 
44  56  57. 5 


r4  16  30.0 


74  16  38. 3 


74  16 
74  14 
74  12 
74  10 
74  06 
74  04 
74  02 
73  59 
73  57 


38.3 
42.9 
09.0 
09.8 
21.1 
44.8 
51.9 
48.7 
57.5 


44  57  15.63  i   73  55  55.03 


Geographic  jx>8itions  along  the  Adirondack  and  St.  Lawrence  Raihoay  (New  York 
Central)  front  Malone  to  tJie  International  Boundary  Line* 


SUtion. 


Latitude. 


Milepost  63,  center  of  bridge  over  stream  990  feet 

north  of  . 

Constable  station,  road  crossing  155  feet  north  of ' 

Milepost  58,  road  crossing  2,070  feet  north  of   

Milepost  56,  road  crossing  1,060  feet  south  of 

Iron  boundary  post  No.  728 


44  53  24. 4 
44  56  00.3 
44  57  18. 5 
44  58  30. 0 
44  59  43. 4 


Longitude. 


74  17  08. 5 
74  17  04.1 
74  15  21.8 
74  14  59.3 
74  15  02. 2 
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Geographic  jHmition^t  along  Mohattk  ami  Malone  RaUuxiy  {New  York  Cmtral) 

fntm  Malone  ttouth  to  Owls  Hetid  Staiioru 


SUtion. 

Milepofit  2,  road  croesing  580  feet  south  of    

Whippleville  flag  station . 

Milepost  No.  6 

Chasm  Falls  flag  station,  road  croesing  675  feet  south  of 
Owls  Head  station,  road  crossing  about  three-fourths 

mile  north  of 

Owls  Head  triangulation  station 


latitude. 


Lon^tude. 


II 


44  49  24.4    i    74  15  29.6 


44  48  22.6 
44  46  27.0 
44  45  37.3 

44  44  83.2 
44  44  36.81 


74  14  39.9 
74  13  24. 6 
74  12  09.6 

74  10  32.9 
74  09  35.30 


Geographic  positions  along  Rome^  Watertoicn  afid  OgdeiuHrary  Railway  from 

Norwood  to  Masaena  Springs, 


HUtion. 


Milepost  288.  road  crossing  860  feet  south  of 

Milepost  290. road  crossing  1 ,640 feet  south  of . . 

Plum  Brook  flag  station,  road  creasing  at        

Milepost  294,  road  crossing  1 ,510  feet  north  of 

Milepost  296,  road  crossing  2. 140  feet  north  of 

Massena  Springs  station,  road  crossing  350  feet  south  of 


Latitude. 


44  46  15.8 
44  47  48. 2 
44  49  50.8 
44  51  24.2 
44  53  06.2 
44  54  53. 1  I 


Lon^tude. 

Of      u 

74  57  a^4 

74  56  58.0 
74  55  19.7 
74  55  07.5 
74  54  12.3 
74  53  15.9 


Geographic  positions  along  Grand  Trunk  RaiUcay  from  Massena  Springs  to 

Bombay. 


station. 


Latitude. 


Milepost  94.  center  of  bridge,  330  feet  east  of '  44  55  22. 9 

Milepost  92,  road  crossing  2,480  feet  east  of 44  55  34. 6 

Milepost  \K),  road  crossing  1 ,090  feet  east  of 44  55  38. 7 

Helena  station,  New  York  and  Ottawa  Railway  crossing  44  55  27. 1 

Milepost  85,  road  crossing  2.045  feet  west  of 44  55  35. 9 

Milepost  83,  road  crossing  1 ,670  feet  west  of  I  44  55  44. 1 

Milepost  82,  road  crossing  245  feet  west  of !  44  55  50. 8 

Bombay  station,  northwest  comer  of  .   . .  44  56  19. 2 

Bombay,  (church  steeple .   I  44  56  22. 7 


Longitude. 


o    «      / 

74  50 
74  47 
74  45 
74  43 
74  40 


i 


4  m 


74  36 


74  34 
74  33 


44.1 
56.0 
48.9 
01.5 
31.5 
00.5 
27.9 
19.0 
56.2 
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C^eographic  positunm  along  New  York  arid  Ottatnt  Railxcay  from  Helena  to  Maim, 


Station.  Latitado. 


I^ntpitude. 


44  53  55.0        74  41  06.8 


I 


44  53  14. 3        74  39  43. 2 


Iron  ton  flag  station,  road  crossing  380  feet  north  of  . . 

Milepost  02,  road  crossing  4,125  feet  north  of — 

Milepost  57,  road  crossing 370  feet  north  of  <    44  51  12.9       74  36  14.5 

Milepost  56,  road  crossing  one-half  mile  sonth  of   44  50  15. 0       74  34  56. 3 


Meridian  Marks. 
BINGHAMTON,  BROOMK   (^OUNTY. 

Location  of  rstatiou:  In  court-houHe  grounds,  Hinghamton. 

Station  mark:  A  granite  post  48  by  8  1^'  H  indues,  set  48  inches  in 
tlie  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze 
meridian  tablet. 

Distant  mark:  North  of  station  205.5  feet.  A  j^ranite  post  48  by  8 
by  8  inches,  set  48  inches  in  the  ground,  in  center  of  top  of  which  is 
cemented  a  bronze  triangulation  tablet. 

COOPERSTOWN,  OTSEGO   (U)UNTY. 

Location  of  Station :  In  the  grounds  of  the  Ot«ego  County  court- 
house, on  west  side  of  main  building. 

Station  mark:  A  marble  post  38  by  S  by  6^  inches,  set  .*U  inches  in 
the  giH>und,  in  the  cent<?r  of  top  of  which  is  cemented  a  bronze  merid- 
ian tablet. 

Distant  mark:  North  of  station  33<)  feet.  A  marble  post  3H  l»y  8  by 
y\\  inches,  set  34  inches  in  the  ground.  In  the  center  of  top  is  cemented 
a  bronze  meridian  tablet. 

Local  referee:  E.  A.  Potter. 

DELHI,  DELAWARE    COUNTY. 

L(K*ation  of  station:  On  grounds  of  the  Delaware  County  Agricultu- 
ral Society  at  Delhi. 

SUition  mark:  A  marble  post.  3(5  by  8  by  H  inches,  set  3l*  inches  in 
the  groun<l,  in  center  of  toj)  of  which  is  (*emented  a  bnmzc*  meridian 
tablet. 

Distant  mark:  North  of  station  491.3  feet.  A  marbh*  post  lm;  by  11 
by  5  inches,  set  23  inches  in  the  ground,  and  resting  on  a  marble 
block  S  inches  thick.  In  center  of  top  is  cemented  a  bronze  meridian 
tablet. 

(JOSHEN,  <)RAN<iE   COUNTY. 

Location  of  station:  In  the  grounds  of  the  Presbyterian  Church  of 
Groshen. 


62         PBIMABY  TRJANGULATION  AND  PRIMARY  TRAVERSE,    [bull.  181. 

Station  mark :  A  blue  sandstone  post  36  by  8  by  8  inches,  set  flush 
with  surface  of  ground,  with  a  bronze  meridian  tablet  in  center  of  top. 

Distant  mark:  A  blue  sandstone  post  36  by  8  by  8  inches,  357.2 
feet  north  of  station  mark,  set  flush  with  surface  of  ground.  In  cen- 
ter of  top  is  a  bronze  meridian  tablet. 

HAMILTON,  MADISON  COUNTY. 

Location  of  station:  On  Hamilton  College  camims. 

Station  mark:  A  marble  post  34  by  6  by  6  inches,  set  in  a  concrete 
column  48  by  24  by  24  inches.  In  center  of  top  of  post  Js  cemented  a 
bronze  meridian  tablet. 

Distant  mark:  North  of  station  605.7  feet.  True  azimuth,  ISO"*  00' 
09".  A  marble  post  34  by  6  by  6  inches,  set  in  a  concrete  column  48 
by  24  by  24  inches.  In  center  of  top  of  post  is  cemented  a  bronze 
meridian  tablet.  * 

MALONE,  FRANKLIN  COUNTY. 

Location  of  station:  On  the  grounds  of  tin*  Franklin  County  Agri- 
cultural Association. 

Station  mark:  A  marble  post  36  by  6  by  0  inches,  set  30  inches  in 
the  ground,  in  the  center  of  top  of  which  is  cemented  a  bi*onze  merid- 
ian tablet.     Post  is  2  feet  north  of  fence  on  inside  of  race  track. 

Distant  mark:  North  of  station  mark  090  feet.  A  marble  post  36  by 
6  b}'^  6  inches,  set  33  inches  in  the  ground,  in  the  center  of  top  of 
which  is  cemented  a  bronze  meridian  tablet.  Post  is  2^  feet  south  of 
inside  edge  of  race  track  and  1  foot  south  of  railing  along  inside  edge 
of  race  track. 

NORWICH,  CHENANGO   COUNTY. 

Location  of  station:  In  City  Park,  eastward  fmm  court-house. 

Station  mark:  A  stone  post  48  by  12  b}'^  12  inches,  with  top  dressed 
round,  8  inches  in  diameter,  and  set  48  inches  in  the  ground.  In  the 
center  of  top  is  cemented  a  copper  bolt  4  inches  long  and  1  inch  in 
diameter. 

Distant  mark:  North  of  station  185  feet.  A  stone  post  48  by  12  by 
12  inches,  lop  dresse<l  round  to  8  inches  in  diameter,  set  48  inches  in 
the  ground,  in  the  center  of  top  of  which  is  leaded  a  bronze  meridian 
tablet. 

UTICA,  ONEIDA  COUNTY. 

Lcxratiou  of  station:  On  the  Oneida-IIerkimer  county  line,  which  is 
also  the  city  of  Utica  boundary  line  (Turner  street),  at  intersection  of 
West  Shore  track  and  Bleeker  street. 

Station  mark:  A  stone  post  48  by  10  by  10  inches,  dressed  with 
round  top,  and  set  46  inches  in  the  ground.  In  the  center  of  top  is 
cemented  a  bronze  meridian  tablet  on  which  is  stamped  **N.  34°  07' 
62"  E."  true. 
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Distant  mark:  North  34°  07'  52",  oast  (true)  of  station  oue-thini 
mile.  A  county  line  monument  48  by  12  by  12  inches,  set  3f)  inches 
in  the  gi'ound.     On  south  side  of  Broad  street  east  of  Turner  street. 


DELAWARE-MARYLAND. 


Primary  Traverse. 


Seventy-seven  geograpliic  positions  were  determined  in  the  Dela- 
ware-Maryland peninsula  b}'  prinuiry  traverse  by  George  T.  Hawkins, 
topographer,  in  April  and  May,  190(\  The  traverse  starts  at  Hartly 
triangulation  station  of  the  United  States  C-oast  and  Geodetic  Survey 
and  follows  the  Philadelphia,  Wilmington  and  Baltimore  Railroad  to 
Easton,  thence  along  the  Baltimore,  C-hesapeake  and  Atlantic  Rail- 
road to  Berlin,  thence  northward  along  the  former  road  to  Lewes, 
Del.,  connecting  with  the  light-house  at  C'ape  Ilenlopen,  a  triangula- 
tion station  of  the  United  States  Coast  and  Geodetic  Survey. 

A  line  also  runs  along  the  New  York,  Philadelphia  and  Norfolk 
Railroad  from  Salisbury  to  Crisfield,  connecting  with  the  light-house 
at  the  latter  place  located  by  the  United  States  Coast  and  Geodetic 
Survey.  A  spur  line  runs  along  the  Philadelphia,  Wilmington  and 
Baltimore  Railroad  southward  from  Berlin  to  Franklin  City,  Virginia. 

Geogrfiph ic  piMit ioiiM  along  the  PhUaiielphUiy  Wihnington  ami  Baltimore  Railroad. 


StationM. 


DELAWARE. 


Latitude. 


Longitnde. 


Hartly  triaugnlatioii  station.  United  StateH  Coast  and 

(ieodetic  Survey 3U  10  48.86 

Hartly  railroad  station _     ......  39  09  59. 9 

Slaughter  station   39  00  80.5 

Maryland- Delaware  State  line  crossing 39  06  50. 9 


II 


75  40  17.8 
75  42  37.8 
75  42  57. 7 
75  44  44.5 


MAKVLANl). 

Marydel  station 

Henderson  station _ 

Uoldsboro  station 

Road  crossing  at  inilepoet  22 _ 

Greensboro  station  ... 

Ridgely  station  . 

Queen  Anne  station . 

Cordova      .   

Chapel  station 

Road  crossing  at  station.  _ 

Easton.  Philadelphia,  Wilmington  and  Baltimore  Rail- 
road station      . 

Elaston.  (Tossing  of  railroads  southeast  of  . .   


39  06 
39  04 
39  02 
39  00 
;J8  58 
3?S  56 
;w  55 
38  52 
38  50 
38  48 


45. 3 
31.2 
07.4 
08.3 

39. 0 

50. 1 
13. 6 
32. 0 
25. 9 
37.8 


I    rs 


38  46  33. 4 
38  45  59.8 


75  44 
<5  45 
75  47 
75  48 
75  49 
75  53 


I  •  >  0  i 


75  59 
7ri  01 

76  03 


47.3 
56.1 
09.8 
10.8 
01.9 
10.7 
21.7 
45.3 
31.0 
01.6 


US  04  07. 4 
76  04  08.2 
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Oeographic  ponitions  altrng  the  Baltimore,  Chesapeake  atui  Atlantic  RaUrotzd, 


Stations. 


MARYLAND. 

Tamer  station 

Bethlehem  station . .- 

Preston  station 

EUwood 

Hnrlock . 

Hnrlock,  crossing  of  railways  at 

Ennals  station,  crossing  at  ... 

Rhodesdale  station 

Reedsgrove  station 

Vienna  station    

Mardela  Springs  station 

Crossing  1 ,500  feet  west  of  station 

Hebron  station 

Rockawalking  station .   . 

Road  crossing  500  feet  east  of  station 

Salisbury,  Baltimore,  Chesapeake  and  Atlantic  station 

Road  crossing  at  station . 

Parsonsbnrg  station . . 

Pittsville  station 

Road  crossing  at  station 

Willards  station 

Whaleysville  station 

St.  Martin  station 

Berlin,  crossing  of  railways  at.. . 


Latltiide. 


38  44  44.5 
88  44  40.5 
38  42  86.8 
88  41  11.0 
38  38  09.1 
88  88  08.3 
38  86  02.6 
38  84  88.1 
38  32  01.1 
38  30  06.8 
38  27  45. 7 
38  26  33.6 
38  25  08.0 
38  24  04.8 
38  22  57. 1 
38  22  21.4 
38  22  41.8 
38  23  16.7 
38  23  4:14 
38  23  43. 1 
38  23  43.0 
38  23  42. 2 
38  22  28. I 
38  10  42. 2 


Longitade. 


ti 


76  00  38.5 
75  56  47. 4 
75  54  42. 0 
75  53  16. 2 
75  51  42. 2 
75  51  42. 0 
75  50  ^.7 
75  50  14. 1 
75  40  30.4 
75  49  22. 5 
75  45  27.6 
75  48  40.0 
75  41  22. 7 
75  80  38.8 
75  87  50.0 
75  85  47.6 
75  33  17.2 
75  28  04.4 
75  24  48.2 
75  22  05.4 
75  20  50. 2 
75  18  08.4 
75  14  55. 4 
75  13  18.4 
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Qeogniphic  positions  along  the  Philadelphia,  Wilmington,  and  Baltimore  Raihtay, 


Stations. 


MARYLAND. 


Road  crossing  at  station  north  of  Berlin    ... 

Showell  station 

Bishop  station 

Maryland- Delaware  State  line  near  Selbyville 


DELAWARE. 

Selbyville  station  ..  ... 

Frankf  ord  station 

Dagsboro  station 

Millsboro  station 

Stockley  station 

Qeorgetown,  sonth  end  of  Y . 

Road  crossing  at  west  end  of  siding.   

Broadkill  station . 

Cool  Spring  station  (Harbeson  post-office) 

Nassau  station      . 

Lewes  station 

Cape  Henlopen  light- honse,  United  States  Coast  and 
Oeodetic  Survey  triangulation  station    


Jjatitnde. 

Lon§^ttide. 

O      /        II 

O      '       1$ 

38  22  21.5 

75  12  46. 1 

38  23  58.2 

75  12  57.4 

38  25  40. 6 

75  13  18.5 

38  37  04. 7 

75  13  39.4 

38  27  27. 8 

75  13  41.9 

38  31  03. 3 

75  14  11.3 

38  32  50. 3 

75  14  57.8 

38  35  17. 9 

75  17  33.3 

38  38  28. 7 

75  20  26. 7 

38  41  20.2 

75  22  42.8 

38  42  07.3 

75  20  37.8 

38  43  15.0 

75  17  05.5 

38  43  56. 6 

75  14  54.9 

38  45  06. 7 

75  11  14.3 

38  46  02. 8 

75  08  29.4 

38  46  41.7 

75  05  02. 9 

Geographic  jx>sitio7i8  along  the  Philadelphia,   Wilmington  and  Baltimore  Rail- 

road  hetxceen  Berlin,  Md,,  and  Franklin  City,  Va, 


HtatioiiH. 


MARYLAND. 

Ironshire  station . . . 

Crossing  470  feet  north  of  head  block 

Newark  station  .  _ 

Wesley  station 

Snow  Hill  station 

Scarboro  station 

Girdletree  station 

Hursley  station _. 

Maryland- Virginia  State  line 


VIRGINIA. 


Franklin  City  station 


Latitndo. 

Longritude. 

o     /      '/ 

o     /       // 

38  17  38.8 

75  15  06.4 

38  16  13.3 

• 

75  16  27.8 

38  15  06.6 

75  17  38.1 

38  12  35.3 

75  20  43.9 

38  10  38.7 

75  23  06.9 

38  08  00. 3 

75  23  43.8 

38  05  42. 7 

75  24  09.9 

38  03  18. 1 

75  24  40.9 

38  00  51.6 

75  23  20.7 

38  00  24.1 

75  22  58.4 
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Geographic  positions  along  the  New  Yctrk,  Philadelphia  and  Sorfolk  Railroad 

hetujeefi  Salisbury  and  Crisjield,  Md, 


Stations.  latitude.  Lonicitiide. 


MARYLAND. 

Maryland- Delaware  State  line  at  Delmar '    38  27  22. 5      75  34  42. 7 

Salisbury,  crossing  at  north  end  of  siding  3  miles 

north  of-...- 

Fmitland  station 

Eden  station 

Loretto  station 

PrinceFs  Anne  station    .   

Kings  Creek,  junction  of  railways . ... 

Kings  Creek  station  (Peninsula  Junction  post-office) . . 

Westover  station 

Kingston  station  . 

Marion  station 

Hopewell  station   ......       

Crossing  170  feet  east  of  switch  block 

Crisfield  light-house,  United  States  Coast  and  Geo 

detic  Survey  triangulation  station 37  57  59. 5  i    75  52  39. 75 


3H  24  26.6 

75  35  02.7 

38  19  18.2 

75  37  10.3 

38  16  53. 9 

75  39  00.5 

38  14  52. 1  ' 

75  40  33.4 

38  12  01.9  i 

75  41  26.7 

38  09  53.8  ! 

75  41  20.6 

38  09  50.8  ' 

75  41  20.6 

38  07  31.5 

75  42  20.5 

38  04  27.9 

75  43  40. 9 

38  02  20.6 

75  46  19. 0 

38  00  28.8 

75  49  07. 0 

37  59  21.2 

75  50  48.6 

PENNSYLVANIA. 
Primary  Traverse. 

Primaiy  traverse  for  the  control  of  the  Westchester  15-minute  quad- 
rangle in  March,  1901. 

The  following  geographic  positions  were  determinecl  by  Mr.  Sledge 
Tatum,  topographer,  by  primary  traverse  which  l>egins  at  Granogue, 
Del.,  a  triangulation  station  of  the  United  States  Coast  and  Geodetic 
Survey,  and  runs  north  to  Chadds  Fonl,  Pa.,  on  the  Wilmington  and 
Northern  Railroad;  thence  north  via  highways  to  Cheyney  station,  on 
Westchester  Railroad;  thence  north  on  same  railroad  to  Greenhill 
station;  thence  west  via  highw^ays  to  Whiteland  station,  on  Pennsyl- 
vania Railroad;  thence  west  on  Pennsylvania  Railroad  to  Thorndale; 
thence  south  via  highways,  touching  Embreeville  and  Unionville  to 
Rennet t  Square,  Pa.,  on  Philadelphia,  Wilmington  and  Baltimore 
liaili'oad;  thence  east  to  Chadds  Ford. 
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QeoQraphic  positions  along  Wilfnington  and  Northern  Railroad, 


Station. 


liUtitude. 


Longitude. 


Granogae  triangnlation  station   . . . 
Delaware-Pennsylvania  State  line. 

Cossart  station 

Brookfield  station 


39  49  47. 5 
39  50  18.4 
39  50  48. 1 
39  51   11.8 


Chadds  FordJunction 39  52  08.0 


75  34  50.8 
75  35  07.4 
75  35  46.0 
75  35  48.4 
75  35  46.4 


Geographic  positions  along  Westchester  Railroad, 


Station. 


Latitude. 


Cheyney  station 39  55  44. 2 

Westtown  station 39  55  55. 6 

Westchester,  northwest  end  car  shed 39  57  41. 3 

Fern  Hill  station  39  58  44.4 

Green  Hill  station 39  59  42.3 

_ i_        

Geographic  positions  along  Pennsylvania  Railroad, 


Longitude. 

75  31  23.6 
75  32  58.6 
75  36  03.0 
75  35  29. 4 
75  36  04.8 


Station. 


Latitude. 


Whiteland,  road  crossing  at !    40  01  09.3 

Bradford  Hill  station ]    40  00  22.1 

Woodbine  station,  road  crossing  at    !    40  00  18. 4 


Downingtown,  road  crossing  600  feet  west  of 

Gallaghersville  station    .        

Thorndale,  road  crossing  at 


40  00  10.5 
39  59  50.3 
39  59  38. 5 


Longitude. 

O  I  II 

75  37  22.9 
75  39  46.2 
75  41  10.7 
75  42  08.0 
75  44  08. 4 
75  45  21.0 


Geographic  positions  along  highways  frwu  Hiorudale  to  Kennett  Square, 


Station. 


Embreeville  station    .     

Unionville,  crossing  of  streets 


latitude. 

Longitude. 

o        /          n 

O              1                  II 

39  55  48. 9 

75  44  05. 4 

39  53  43.2 

75  44  05.7 
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GeiHjruphic  positiwut  along  Philadelphia,  Wilmington  and  Baltimore  Railroad. 


sutiou. 


latitude. 


Lon^tnde. 


A- 


n 


Kennett  Square  station 

Rosedale  station 

Fairville. _ 

Cbadds  Ford  Junction 

Brandy  wine  Summit  station 

Concordville.  crossing  600  feet  west  of 
Markham  station 


39  50  82.2 
89  50  51.4 
39  51  11.2 
39  52  08.0 
39  52  26.2 
39  52  38.5 
39  53  26.3 


75  42  34.4 
75  39  46.8 
75  38  32.4 
75  35  46. 4 
75  32  41.5 
75  30  50.4 
75  30  22.2 


Triangulation  Stations. 

The  descriptious  and  i)oaition8  published  lierewith,  i^esulting  from 
the  field  work  of  1899  and  1900,  executed  under  the  sujiervision  of 
Mr.  S.  S.  Gannett,  topoji:rapher,  in  Franklin,  Fulton,  Bedford,  Blair, 
Huntingdon,  and  Camlma  counties,  were  established  by  Mr.  Sledge 
Tatum,  toi>ographer,  in  1890,  and  by  Mr.  A.  H.  Thompson,  geogra- 
pher, in  1900. 

Stations  in  the  southwestern  portion  of  the  State  in  Fayette,  Greene, 
Washington,  Westmoreland,  Allegheny,  Beaver,  Indiana,  Armstrong, 
and  Clarion  counties,  result  from  the  work  of  Messrs.  A.  II.  Thomj)- 
son,  geographer;  S.  S.  Gannett,  Sledge  Tatum,  topographei's;  D.  H. 
Baldwin  and  W.  R.  Harper,  assistant  topographere,  and  E.  L.  McNair, 
field  assistant.  All  positions  are  based  upon  Maryland  Heights  and 
Sugarloaf  stations  of  the  United  Stat<\s  Coast  and  Geodetic  Survey, 
and  on  ''United  States  Standard  Datum."  Distances  were  checked 
by  a  base  line,  measured  by  Mr.  S.  S.  Gannett,  on  the  main  line  of 
the  Pennsylvania  railroad  passing  through  Hillside,  Westmoreland 
County,  and  check  azimuths  were  observed  at  three  primary  stations, 
namely,  Krepp,  Dawson,  and  Hillside  North  Base. 

Triangulation  for  control  of  the  Carlisle  and  Gi3ttysburg  sheet«i  was 
extended  westward  from  Round  Top  and  Pulpit  Rock  .of  the  United 
States  Coast  and  Geodetic  Survey  by  Mr.  S.  S.  Gannett  in  August  and 
September,  1900. 

ROUND   TOP,    YORK   COUNTY. 

A  station  of  the  United  States  Coast  and  Geodetic  Survey  in  War- 
rington Township,  8  miles  east  of  Dillsburg.  The  summit  is  timl)ered 
and  can  be  reached  by  trail  from  the  house  of  Harrison  Nesbit,  1  mile 
distant. 

Theodolite  elevated  30  feet. 

Station  mark:  A  sandstone  post  18  by  0  by  G  inches,  set  15  inches 
in  the  ground  and  resting  on  a  flat  rock  hav^ig  cross  lines  cut  on  its 
upi)er  surface. 
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[Latitude  4ir  06  13.24' .     LonKitude  76   55  34.14  ".] 


To  station- 


Pulpit  Rock 
Fickle  Hill.. 


Azimuth. 


Back  azimuth. 


L()|^.  distanoe. 


II 


II 


3  56  07.80 


18;^  55  16.94 


73  21  43.73     253  13  17.53 


Meters. 

4. 4378302 
4.2889163 


I 


PULPIT  ROCK. 

Oil  county  line  l>etween  York  and  Adams  counties. 

A  station  of  the  United  State's  Coast  and  Geodetic  Survey,  5  miles 
by  road  north  of  Hanover  and  about  3  miles  east  of  Abbot«town. 
The  station  is  on  a  rocky  bjickbone  of  the  heavily  timbered  summit 
of  the  Pigeon  Hills. 

llieodolite  elevated  35  feet. 

Station  mark:  A  stone  post  20  by  (>  by  0  inches,  set  18  inches  in  the 
ground  and  resting  on  a  flat  rock. 

[Latitude  39"  51'  26,77".     Longitude  76"  56'  53.27".] 


To  Htation — 


Gettysburg,  Round  Top 

Fickle  Hill 

Round  Top 


Azimuth. 


Back  azimuth. 


// 


Iiog.  distance. 


72  30  33. 80 
142  24  17. 92 
183  55  16. 94 


252  19  22.35 

322  16  43.84 

3  56  07.80 


Meiers. 
4.4175998 

4. 4388914 

4. 4378302 


FICKLE   HILL,  ADAMS   COUNTY. 

On  a  partly  cleared  flat  ridge  near  the  northern  extremity  of  the 
county,  2  miles  north  of  liatimer  post-oflice.  Th<^  station  is  30  feet 
northeast  of  outcroi)ping  ledge  on  liighest  part  of  ridge  on  land  owned 
by  W.  A.  Bream. 

Theodolite  elevated  30  feet. 

Station  mark:  A  stone  post  36  by  10  by  10  inchci^,  set  30  inches  in 
the  ground,  in  the  centi»r  of  top  of  which  is  ci^menttnl  a  bronz<i  tablet 
markcHl  "U.  S.  Geological  Survey — Pennsylvania.-' 

[Latitude  40"  03'  11.94",     Longitude  77^  08  40.37' ,] 


To  station— 


Gettysburg,  Round  Top 

Round  Top 

Pulpit  Rock 


Azimuth. 

15  19  22.10 
253  13  17.53 
822  16  43.84 


Back  azimuth. 


195  15  43.03 

73  21  43.73 

142  24  17. 92 


L<>^.  distance. 


Meiers. 

4.4876976 
4.2889163 
4. 4388914 


70 


PRIMARY  TKIANGULATION  AND  PRIMARY  tRAVERSE.    [bitli.181. 


GETTYSBURG,  Rr)UND  TOP,  ADAMS   COUNTY. 

The  noted  round  knob,  .'3  miles  south  of  Gettysburg. 
Theodolite  mounted  on  upper  floor  of  the  iron  observation  tower, 
about  70  feet  above  ground. 

Station  mark :  Center  of  stone  foundation  of  tower. 

[Latitude  39"  47'  10.54".     Longitude  77^  14'  21.74  '.] 


To  Rtation— 

AzimatlL 

Fickle  Hill 

0              1                   It 

195  15  43.03 

Pulpit  Rock 

252  19  22.  a5 

Back  azimath. 

Log.  distance. 

O                /                     II 

15  19  22.10 
72  30  33. 80 

Meters. 
4.  4876976 

4.4175998 

ALTO,  FRANKLIN  COUNTY. 

(Not  occupied.) 

About  0^  miles  southeast  of  Chambersburg  and  1  mile  east  of  Mont 
Alto,  on  mountain  locally  known  by  that  name. 
Signal:  A  wooden  observation  tower  in  Mont  Alto  Park. 

[Latitude  39"  50'  04.06' .     Longitude  77"  32'  08.72  .] 


To  station— 

Azimath. 

Back  azimuth. 

LofiT-  distance. 

Fairview - 

o           /           // 

62  06  34.6 
108  11  58.4 
136  56  56.7 

oil! 

241  49  55.8 
287  59  23.8 
316  52  07.6 

Meteis. 
4.6246864 

Pamell      

4.4687745 

Chambersburg  .     . 

4. 1954468 

CHAMBERSBITRG,   FRANKLIN   COUNTY. 

The  balcony  of  the  clock  tower  on  the  county  court-house  at  C'ham 
bersburg  was  occuj^  *ed  and  the  angles  reduced  to  center  of  towei*. 
Station  mark:  Center  of  clock  tower. 

[Latitude  39"  56'  15.41  .     Longitude  77"  39'  39.62 '.] 


To  station— 

Azimuth. 

Back  azimuth. 

Log.  distance. 

Pamell 

O                 /                 II 

82  25  31.4 
334  33  43.9 
316  52  07. 6 

0               /              /' 

262  17  45.3 
154  39  25. 8 
136  56  56.7 

Meters. 
4. 2405209 

Qnirauk 

Alto 

4.4715130 
4. 1954468 
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PARNELL,  FRANKLIN  COUNTY. 

On  mountain  locally  known  by  same  name,  about  0  miles  west  of 
Chambersburg  and  3  miles  east  of  Fort  London. 

Theodolite  elevated  24  feet  on  stump  of  a  tree;  sight  lines  cut 
through  timber  to  other  stations. 

Station  mark:  A  bronze  tablet  marked  "TT.  S.  Geological  Survey — 
Pennsylvania,"  cemented  in  solid  rock. 

[Latitude  39^  55'  00.42".     Longitude  77'  51'  45.82".] 


To  station- 


Fair  view  

Cove 

Pike 

Chambersbnrg 

Alto 

Qnirank 

Martin 


Azimuth. 

Back  azdmnth. 

Log.  diatanco. 

p        1        «» 

o               /               // 

Meters. 

-••.-.*- 

17  86  22.3 

197  32  15.8 

4. 4822860 

4    40  11.6 

224  41  37.6 

4. 3790001 

88  0/  15.8 
262  1.  45.3 
287  59  2,;.  8 

268  03  34. 2 

82  25  31.4 

108  11  58.4 

3.9142524 

4.2405209 

4. 4687745 

.. ..—••••• 

309  04  53. 8 

129  18  20.6 

4. 5874498 

340  38  14. 6 

160  42  52.2 

4.4941249 

PIKE,  OX  LINE  BETWEEN  FRANKLIN  AND   FULTON   COUNTIES. 

AlK)ut  5  miles  air-l'ne  distance  northwest  of  Mercersburg  and  3 
miles  east  of  JVIcConnellsburg,  on  Cove  Mountain,  1,000  feet  south  of 
Chambersbnrg  and  Bedford  pike. 

Theodolite  elevated  16  feet  on  stump  of  tree;  sight  lines  cut 
through  timl>er  to  other  stations. 

Station  mark :  A  copper  bolt  cemented  in  solid  rock. 

[Latitude  39"  54'  51.55".     Longitude  77"  57'  31.23".] 


To  station- 


Cove.  . 

Ray  ... 

Smith 
Pamell 


Azimuth. 

Back  azimuth. 

Logr.  distance. 

O               t               II 

O               /               H 

Meters. 

27  21  16.2 

207  17  23.4 

4. 2746459 

68  27  08. 0 

248  13  43. 0 

4. 5068009 

123  53  29.4 

303  46  16.2 

4.2849006 

268  03  34. 2 

88  07  15.8 

3. 9142524 

COVE,  ON  LINE   BETWEEN   FRANKLIN   AND   FULTON   COUNTIES. 

On  mountain  known  by  that  name,  about  4  miles  north  of  Pennsyl- 
vania-Maryland State  line,  and  2  miles  east  of  Hancock  and  McC'on- 
nellsbiirg  road,  on  highest  point  of  mountain. 

Theodolite  elevated  14  feet  on  stump  of  tree,  with  sight  lines  cut 
through  timber  to  other  stations. 
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Station  mark:  A  bronze  tablet  marked  *'U.  S.  Greological  Survey, 
Pennsylvania"  cemented  in  solid  roek. 

[Latitude  39^^  45'  49.37'  .     Longitnde  78'  03'  34.56 '.] 


Ray.... 

Smith  . 
Pike  ... 
Pamell 


To  Btation— 


1 

Azimuth. 

Back  azimnth. 

Liog.  distance. 

O               0                0t 

O               >               II         ' 

Meters. 

102  58  51.6 

282  49  20.4 

4. 3382797 

164  57  17.7 

344  53  58.2 

4. 4537546 

207  17  23.4 

•   27  21  16. 2 

4. 2746459 

224  41  37. 6 

44  49  11.6 

4.3790001 

327  08  38. 8 

147  12  a5.6 

4. 152a312 

SMITH,  FULTON    COUNTY. 

On  land  owned  by  George  Smith,  of  Sideling  Hill,  about  2  miles 
west  of  Saluvia  and  one-half  mile  south  of  Chambersburg  and  Bed- 
ford pike.     Sight  lines  were  cut  through  timber  to  other  stutions. 

Station  mark:  A  stone  post,  48  by  10  by  10  inches,  set  flush  with 
surface  of  ground,  in  the  center  of  top  which  is  cemented  a  bronze 
tablet  marked  "U.  S.  Geological  Survey,  Pennsylvania." 

[Latitude  40"  00'  89.42 '.    Longitnde  78^  08'  45.70",] 


To  station— 

Asimuth. 

Back  azimuth. 

Log.  distance. 

Ray 

O              1               II 

31  30  03.8 
80  33  28.2 
109  19  39. 0 
142  16  53.0 
303  46  16.2 
344  53  58.2 

O              1               II 

211  23  50.7 
260  22  54. 7 
289  13  32. 6 
322  09  26. 6 
123  53  29. 4 
164  57  17. 7 

Meters. 
4. 4228184 

Everett 

4.3749415 

Government 

4. 1555140 

Tussey 

4.4280288 

Pike 

4.2849006 

Cove 

4. 4537546 

HICKS,  BLAIR,  AND   HUNTINGDON   COUNTIES. 

Situated  on  the  crest  of  Tussey  Mountain,  about  one-lialf  mile 
north  of  point  at  which  the  Williamsburg  and  Marklesburg  pike 
crosses  the  mountain. 

Station  mark :  A  bronze  triaugulation  tablet  cemented  in  solid  rock. 

[Latitude  40^  25'  19.33".     Longitude  78"  10'  ai.lO".] 


To  station- 


Beaver  town 
Point  View. 


Azimuth. 


29  39  23. 5 
143  14  11.6 


Back  azimuth. 

o           r         II 

209  37  46. 2 

323  11  37.3 

hog.  distance. 


Meters. 
3.8550653 

3.9709241 
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TERRACE    (2),  HUNTINGDON   COUNTY. 

(Not  occupied.) 

Situated  on  a  higfh  ridge  known  locally  as  Terrace  Mountain,  about 
1  mile  south  of  the  Entriken  bridge  over  the  Juniata  River  and  one- 
fourth  mile  south  of  the  Entriken  and  Trough  Creek  road. 

Station  mark:  A  bronze  triangulation  tablet  set  in  solid  rock. 

iLatitnrle  40    17'  49.66  .     Longitntle  78    10  14.31' .] 


To  Htatiou— 


Lytle 


Azimuth. 


Back  azimuth. 


86  55  :J9.6       266  52  10.0 


Beavertown 156  29  07.8       336  27  36.6 


Log.  distance. 


Meters. 
3. 8846175 

3. 9210568 


BEAVERTOWN,  ON  LINE  BETWEEN   BLAIR  AND  HUNTINODON  COUNTIES. 

On  the  crost  of  Tussey  Mountain,  about  three-fourths  mile  south 
of  point  where  the  Beavertown  and  Marklesburg  pike  crosses  the  sum- 
mit. Outlook  good  in  all  directions  where  trees  are  cut,  except  along 
the  axis  of  the  mountain. 

Station  mark :  A  bronze  triangulation  tablet  cemented  in  solid  rock. 

[Latitnde  40   21   57.51  '.     Longitude  78^  12  35.31' .] 


To  station— 


Lytle. 

Rattlesnake 
Duncan  .     . 


Azimuth. 


28  13  34.4 
61  01  14.4 
83  05  00. 4 


Point  View 171  27  30.0 

Hicks '    209  37  46.2 

Terrace  (2) 


336  27  36. 6 


Bnck  azimuth. 

O  I  li 

208  11  35.9 
240  52  11.6 
262  59  21.0 
351  26  33. 3 
29  39  23. 5 
156  29  07.8 


Log.  distance. 


Meters. 
3.9612280 
4. 3552251 
4. 0955332 
4. 1420604 
3. 8550653 
3. 9210568 


POINT   VIEW,  BLAIR  COl^NTY. 

Situated  al^oiit  3  miles  west  of  Williamsburg  and  one-half  mile 
north  of  Point  View  railroad  station,  on  the  southern  end  of  a  high 
rocky  ridge  on  the  north  bank  of  the  Frankstown  Branch  of  the 
Juniata  River.     Outlook  good  to  southeast,  southwest,  and  noithwest. 

Station  mark:  A  bronze  triangulation  tablet  cemented  in  solid  rock, 
above  which  was  piled  a  cairn  of  rocks  5  feet  high. 
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[Latitnde  40^  29'  22.17  '.    Longitude  78'  14  02,78  .] 


T(» 

station — 

Azimuth. 

Back  azimuth. 

Ijog.  disttinoe. 

Lytle 

O                 1                 II 

5  55  28. 3 
323  11  37.3 
351  26  33.3 

»           1            n 

185  54  26. 3 
143  14  11.6 
171  27  30.0 

Meter*. 

4. 3402766 

Hicks .                         -                  -  -  -   

3. 9709241 

Beavertown 

4.1420604 

LYTLE,   BLAIR,    AND   HUNTINGDON   COUNTIES. 

Situated  on  a  high,  rocky,  tim]>ered  ridge  on  Tussey  Mountain,  about 
one-half  mile  south  of  point  at  which  the  Martinsburg  and  Cove  Creek 
pike  crosses  the  mountain.  Outlook  good  where  trees  have  l)een  cut 
away  except  directly  along  the  axis  of  mountain. 

Station  mark:  A  bronze  triangulation  tablet  cemented  in  solid  rock. 

[Latitude  40"  17'  36.21".     Longitude  78^  15  38.44".] 


Rattlesnake 
Dnncan    .  . 
Point  View 
Beavertown 
Terrace  (2) 


To  station- 


Azimuth. 


79  17  50.6 
129  09  18.8 
185  54  26. 3 
208  11  35.9 
266  52  10.0 


Ba<rk  azimuth. 


259  10  46.7 

309  05  38. 2 

5  55  28.3 

28  13  34.4 

86  55  39.6 


Log.  distance. 


Mt'tera. 

4. 1977839 
4.0161348 
4. 3402766 
3.9612280 
3.8846175 


GOVERNMENT,    BEDFORD   COUNTY. 

On  i)ublic  land,  on  timbered  mountain  about  7  miles  northeast  of 
Everett  and  3  miles  east  of  Tatesville,  and  one-half  mile  north  of 
"Horseshoe"  bend  in  Juniata  River. 

Station  mark:  Lone  hickory  signal  tree. 

[Latitude  40'  03'  12.55  .     Long^itude  78"  18'  15.24 '.] 


To  station— 

Azimuth, 

Back  sizimuth. 

Log.  distance. 

Ray 

Everett 

0                1               II 

0  35  52.3 

48  48  27.0 

125  25  37.3 

169  55  55.6 

289  13  32.6 

O                1               II 

180  35  44.6 
228  43  59. 5 
305  21  47.6 
349  54  36.0 
109  19  39.0 

Meters. 
4. 4363099 

4.1180018 

Dnnning 

4.0157449 

Tussey 

Smith 

4. 2230180 
4. 1555140 
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RAY,    ON   LINE   BETWEEN   FULTON   AND   BEDFORD   COUNTIES. 

On  Ray  Mountain,  al^ont  5  miles  north  of  Pennsylvania-Maryland 
State  line,  and  2  miles  west  of  Amaranth,  Pa.,  on  high  knob  in  cleared 
field. 

Station  mark:  A  stone  post,  42  by  8  b}^  8  inches,  set  flush  with  sur- 
face of  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze 
tablet  marked  "U.  S.  Geological  Survey-Pennsylvania." 

[Latitude  39^  48'  27.13  ".    Longitude  78"  18  27.22 ".] 


To  Rtation— 


Everett 

Gh>vemmftnt 

Smith 

Pike 


Azimuth. 

Bm^k  azimuth. 

Log:,  di.stanco. 

o             /              /> 

O                »                 II 

Mftvrn. 

152  48  22. 5 

332  44  03.3 

4.32190G3 

180  35  44. 6 

0  85  52.3 

4. 4363099 

211  23  50.7 

31  30  03. 8 

4. 4228184 

248  13  43.0 

68  27  08. 0 

4.5068009 

282  49  20. 4 

102  58  51.6 

4.3382797 

Cove I    282  49  20.4 


TUSSEY,   BEDFORD   COUNTY. 

On  mountain  locally  known  by  that  name  about  4  miles  northeast 
of  Loysbur«j:,  on  high  point  of  ridge,  in  scrubby  timl>er,  with  lines  of 
sight  cut  out  to  other  stations. 

Station  mark:  A  ])ronze  tablet  marked  *'!!.  S.  Geological  Surve}'^- 
Pennsvlvania"  cemented  in  solid  rock. 

[Latitude  40^*  12  06.01' .     Longitude  78   20'  18.76  '.] 


To  station- 


Azimuth. 


Dunning  27  52  15.0 

Rattlesnake 129  14  31.7 

Hartman 170  12  18.8 

Duncan 175  06  22.4 

Smith 322  09  26.6 


Government 


I 
Back  azimuth,  j  LoK-distanct). 


349  54  36.0 


207  49  44.6 
309  10  29.2 
350  10  39. 2 
355  05  43.2 
142  16  58.0 
169  55  55.6 


Metern.. 

4.0724843 
4. 0.589373 
4.3294423 
4. 2251748 
4. 4280288 
4. 2230180 


BRUSH   MOUNTAIN,  BLAIR  COUNTY. 

Situated  about  5  miles  nearly  north  from  llollidaysburg  on  the  high- 
est part  of  the  southern  end  of  Brush  Mountain.  Sight  linos  <»ut 
through  timber  toward  other  sta,tions. 

Station  mark:  A  bronze  triangulation  tablet  cemenKnl  in  a  hirge 
rock  and  buried  iu  the  ground,  above  which  is  a  pile  of  rocks  5  feet 
high. 
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[Latitude  40"  29  11.34' .    Longitude  78"  21'  08.©3 '.] 


To  Htation— 


Rattlennake 

Hartman 

Foot  of  Plane  Eight 

Tunnel  Hill 

Wopsononock 


Azimnth. 


17  29  43.6 
13  02  33. 5 
62  43  14. 7 
88  07  39.0 
140  20  48. 0 


Back  asimuth. 

Loir.  diAtance. 

• 

o           1           n 

Meters. 

197  26  12.9 

4. 4076197 

198  01  26. 1 

4.0360067 

242  37  01.0 

4. 1841092 

268  00  09.1 

4.2130517 

820  17  22.4 

4.0670251 

DUNCAN,  BLAIR  COUNTY. 

Situated  3  miles  northeast  of  Martinsburg  ou  the  highest  siiinmit  of 
Locke  or  Loop  Mountain.  The  summit  is  flat  and  long  lines  of  sight 
were  cut  toward  other  stations. 

Station  mark:  A  rough  stone  3  feet  long  set  flush  with  surfac^e  of 
ground  with  a  bronze  triangulation  tablet  cemented  in  it«  top. 

[Latitude  40'  21  08.53  .     Longitude  78   21   19.47  .] 


To  statioQ— 


Dunning . . . 
Rattlesnake 
Hartman.  . 

Lytle 

Tussey 

Beavertown 


Azimuth.         Back  azimath.    :  Log.  difttanro. 


u 


8  32  57.6 
38  04  55. 3 
152  56  07. 1 
309  05  38. 2 
355  05  43.2 
262  59  21.0 


0                /                II 

Meterx. 

188  31  06.2 

4.4391035 

218  01  31.7 

4.0811989 

332  54  27. 5 

3.6845025 

129  09  18. 8 

4.0161348 

175  06  22.4 

4. 2251748 

83  05  00.4 

4.0955332 

HARTMAN,    BLAIR  COUNTY. 

Situated  on  that  part  of  Locke  or  Loop  Mountain  locally  known  as 
Hart  mans  Lookout.  It  is  just  north  of  Dry  Gap  and  about  3  miles 
east  of  HoUidaysburg.  Outlook  good  in  all  directions  except  nortli- 
east. 

Station  mark:  A  bronze  triangulation  tablet  cemented  in  solid  rock. 

[Latitude  40^  23'  28.18".     Longitude  78^^  22'  52.88 '.] 


To  station- 


Rattlesnake  . 

Foot  of  Plane  Eight 

Wopsononock 

Altoona 

Brush  Mountain  . . . 

Duncan 

Tussey 


Azimuth. 


Back  azimuth.  I  Log.  dlBtance. 


// 


/I 


20  45  13. 1 
107  49  10.7 
165  39  47. 0 
176  59  36. 4 
193  01  26. 1 
382  54  27.5 
350  10  39. 2 


200  42  49. 8 
287  44  04.6 
345  87  29. 0 
356  59  14.0 
13  02  83. 5 
152  56  07. 1 
170  12  18,8 


Metei'8. 

4. 1689721 
4. 0678265 
4. 8052551 
4.1888990 
4. 0360067 
3.6845025 
4.8294428 
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ALTOONA,  BLAIR  COUNTY. 

An  astronomic  station  of  the  United  States  Coast  and  Geodetic  Sur- 
vey situated  on  a  low  hill  about  one-eighth  mile  east  of  Juniata  Sta- 
tion on  the  Pittsburg,  Johnstown,  Ebensburg  and  P^astern  Railway,  on 
land  owned  by  the  Pennsylvania  Railroad  Company,  within  the  city 
limits  of  Altoona. 

Station  mark:  A  block  of  sandstone  5  feet  long,  34  inches  wide, 
and  20  inches  thick,  standing  30  inches  above  ground  and  r(\sting  on  a 
concrete  bed  10  inches  thick.  In  the  top  is  a  cop^wir  bolt  3^^  inches 
long  and  1  inch  in  diameter. 

[Latitude  40'  31  47.24' .    Longitude  78^  23'  33.88 '.] 
DUNNING,  BEDFORD   COUNTY. 

On  mountain  loc^U}'^  known  by  that  name,  about  10  miles  north  of 
Mount  Dallas  and  4  miles  south  of  New  Enterprise,  on  timbered  land 
owned  liy  William  Over. 

Staition  mark:  A  bronze  tablet,  marked  "L.  S.  Geological  Survey — 
Pennsylvania,"  cemented  in  solid  I'oek. 

[Latitude  40    OC  27.28'.    Longitude  78    24'  11.99'.] 


To  station- 

Azimuth. 

Back  azimuth. 

"Log.  distance. 

Rattlesnake 

O                t                  II 

169  14  46.9 
188  31  06.2 
207  49  44.6 
305  21  47.6 
5  29  26. 9 

o          /             // 

349  U  15.1 

8  32  57. 6 

27  52  15.0 

125  25  37. 3 

185  28  48.7 

Jdtttrs, 
4. 2553913 

Duncan 

4. 4391035 

Tussey   

4.0724848 

Government 

4.0157449 

Everett 

4. 1679624 

EVERETT,  BEDFORD  COUNTY. 

On  high  Mummit  of  Tu88<\v  Mountain,  about  3  miles  south  of 
Everett. 

Station  mark:  A  bronze  tablet,  marked  ''  U.  S.  Geologieal  Survey — 
Pennsylvania,"  eement<Kl  in  solid  rock. 

[Latitude  39**  58'  32.14".     Longitude  78"  25'  11.35".] 


To  Btation— 


Dunning 

GK>vemment 

Smith 

Ray 


Azimuth. 


n 


185  28  48. 7 
228  43  59. 5 
260  22  54.7 
332  44  03.8 


Back  azimuth. 


n 


5  29  26. 9 

48  48  27.0 

80  38  28. 2 

152  48  22.5 


Log.  distance. 


Meters. 
4. 1679624 

4. 1180018 

4. 3749415 

4.3219063 
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WOPSONONOCK,   BLAIR  COUNTY. 

Situated  about  5  miles  west  of  north  of  Altoona  on  the  end  of  a 
salient  of  the  Allegheny  Mountains,  reached  by  a  railroad  from  Juniata. 

Station  mark :  Center  of  a  building  kiiown  as  the  Pavilion  or  Look- 
out.    No  permanent  mark. 

[Latitude  40'  34'  02.48  .     Longitude  78   26'  25.47  ".] 


To  station- 

Azimuth. 

Back  azimath. 

Loff.  distance. 

Rattlesnake 

Foot  of  Plane  Eight 

Tunnel  Hill  

o             /                 // 

0  21  11.3 
20  56  00. 5 
42  56  58. 4 
69  03  56. 0 
99  51  29.9 
320  17  22.4 
345  37  29. 0 

e         t             It 

180  21  05.7 
200  53  12. 0 
222  52  53. 8 
248  52  50. 5 
279  41  00.9 
140  20  48.0 
165  39  47. 0 
• 

Meters. 
4. 5233043 

4.2335884 

4. 1144504 

Ebensburs 

4.4120416 

Carrolltown 

Brush  Moont'iin  ...  . 

Hartman 

4. 3631044 
4. 0670251 
4. 3052551 

RATTLESNAKE,    ON    LINE    BETWEEN    BEDFORD   AND    BLAIR   COUNTIES. 

On  high  rocky  point  on  Dunning  Mountain,  about  one-half  mile 
east  of  Claysburg  and  2  miles  south  of  Ore  Hill;  one-half  mile  south 
of  road  from  Ore  Hill  to  Claysburg. 

Station  mark:  A  bronze  tablet,  marked  "U.  S.  Geological  Survey — 
Pennsylvania,"  cemented  in  solid  rock. 

[Latitude  40"  16'  00.75  ".     Longitude  78^  26'  34.17  ".] 


To  station- 


Foot  of  Plane  Eight 

Wopsononock _ 

Brush  Mountain  . . . 

Hartman 

Duncan  

Beaverto wn  

Lytle... 

Tussey 

Dunning 


Azimuth. 


II 


161  12 
180  21 
197  26 
200  42 
218  01 
240  52 
259  10 
309  10 
349  13 


12.7 
05.7 
12.9 
49.8 
31.7 
11.6 
46.7 
29.2 
15.1 


Back  azimuth. 

Log.  distance. 

O              «                  «' 

Meters. 

341  09  30. 3 

4. 2636520 

360  21  11.3 

4. 5233043 

17  29  43.6 

4.4076197 

20  45  18. 1 

4. 1689721 

38  04  55.3 

4.0811989 

61  01  14.4 

4. 3552251 

79  17  50.6 

4. 1977839 

129  14  31.7 

4. 0589373 

169  14  46.9 

4.2.553913 

FOOT   OP  PLANE   EIGHT,  BLAIR   COUNTY. 

Situated  about  8  miles  south  of  west  from  Hollidaysburg,  on  the 
north  end  of  a  wooded  mountain  locally  known  as  '*  Foot  of  8."  Out- 
look to  west  not  good. 
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Station  mark:  A  bronze  triangulation  tablet  set  in  foot  of  signal 

tree. 

[Latitude  40"  25'  23.90  '.     Longitude  78''  30'  44,98".] 


To  Mtatlon— 

Azimuth. 

Back  azimuth. 

Log.  distance. 

Tunnel  Hill 

o           /           // 

156  54  52. 0 
200  53  12. 0 
242  37  01.0 
287  44  04.6 
341  09  30. 3 

336  53  36. 1 

20  56  00. 5 

62  43  14.7 

107  49  10. 7 

161  12  12.7 

Meters. 
3. 8467742 

Wopsononock 

Brush  Mountain 

4.2335884 
4. 1841092 

Hartman 

Rattlesnake 

4.0678285 
4. 2636520 

TUNNEL   HILL,  CAMBRIA   COUNTY. 

Situated  on  the  highest  point  of  Tunnel  Hill,  in  Tunnel  Hill  Borough, 
^  mile  from  Gallitzen  railroad  station. 

Station  mark :  A  stone  post  40  by  6  by  6  inches,  set  36  inches  in  the 
ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  triangula- 
tion tablet. 

[Latitude  40"  28'  53.46  .    Longitude  78^  32'  41.96 ',] 


To  station— 


Ebensburg 

Thomas  Ridge 
CarroUtown  .. 
Woi>8ononock . 


Azimuth. 


91  03  21.1 
111  12  17.8 
134  07  14. 1 
222  52  53. 8 


Brush  Mountain 268  00  09.1 

Foot  of  Plane  Eight 336  53  36.1 


Back  azimuth. 


// 


270  56  20.7 
291  03  58. 1 
314  00  50.3 
42  56  58.4 
88  07  39. 0  ; 
156  54  52.0 


Log.  distance. 


Meters. 
4. 1834198 

4. 2881836 

4.2863416 

4.1144504 

4.2130517 

3. 8467742 


CARROLLTOWN,  CAMBRIA   COUNTY. 

(Not  occupied.) 

Spire  of  Catholic  Church  in  CarroUtown. 
Station  mark :  CenUn'  of  spire. 

I  Latitude  40^  36'  09.43  '.     Longitude  78^  42'  32.31  ".] 


To  statioii- 


Ebensburg 

Wopsononock 
Tunnel  Hill,.. 


Azimuth. 


Back  azimuth.     Log.  distance. 


o             < 

n 

5  50 

15.6 

279  41 

00.9 

314  00  50.3 

II 


185  49  38.4 

99  31  29.9 

134  07  14. 1 


Meters. 
4. 1222362 

4.3631044 

4. 2863416 
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EBKNSBURO,  CAMBRIA   COUNTY. 

Center  of  cupola  of  court-house  in  Ebensburg. 
Station  mark:  Center  of  cupola. 

[Latitude  40"  29'  02.07".     Longitude  78°  43'  29.55".] 


To  station- 


Thomas  Ridge 
Carrolltown  .. 
Wopsononock. 
Tunnel  Hill . . . 


Azimuth. 

Back  azimath. 

Log.  distance. 

o                «                 // 

0                t                II 

Metera, 

150  58  16.9 

336  56  57.9 

3.8644861 

185  49  38. 4 

5  50  15. 6 

4.1222362 

248  52  50.5 

69  03  56.0 

4. 4120416 

270  50  20. 7 

91  03  21.1 

4. 1834198 

M'COY,  INDIANA  COUNTY. 

Al>out  1  mile  southeast  of  Taylorville  post-office,  on  a  bare  n>uii<l- 
top  hill  owned  by  James  McCoy. 

Station  mark :  A  stone  post  42  by  0  by  6  inches,  set  38  inches  in  the 
ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tablet 
marked  *'U.  S.  Geological  Survey — Pennsylvania." 

[Latitude  40  41  59.77  '.     Longitude  78°  58'  08,22",J 


To  station — 


Azimuth. 


Strong .  32  54  04.0 

Coleman 08  46  47.2 

Kunkle 92  39  25.9 

Rowland 129  59  46.3 

Palmer 176  52  15.4 

Nolo 357  23  52.1 


Back  azimuth.     Log.  distance. 


II 


212  50  44. 6 
248  38  22.5 
272  30  14. 2 
309  51  01.2 
356  51  59.4 
177  24  09. 6 


Meters. 
4. 1223126 

4. 2905687 

4.2983645 

4. 3907798 

4. 0225275 

4. 1440697 


PALMER,  INDIANA   COUNTY. 

Al>out  2i  miles  south  of  Rochester  Mills  post-office,  in  Grant  Town- 
ship, on  a  very  higli  partly  cleared  ridge,  on  land  owned  by  Mr.  Palmer. 

Station  mark :  A  stone  post  36  by  0  by  (>  inches,  set  33  inchjes  in  the 
ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tablet 
marked  **LT.  S.  Geological  Survey — Pennsylvania." 

Reference  marks:  Stones  set  1  foot  below  surface  of  gn>und  with 
cross  on  top,  in  line  with  stations  Rowland  and  McCoy;  distant  10 
feet  from  station. 
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[Latitude  40   47  40.71".     Longitude  78^  58'  33.74  .] 


To  station— 


Kunkle  . 
Rowland 
McCoy. 


Azixnnth. 


63  32  19.9 
106  08  44. 8 


Back  azimuth. 


243  23  23. 7 
286  00  15. 2 


Log.  distance. 


356  51  59.  4  I     176  52  15. 4 


Meter*. 

4. 3331827 
4. 2790843 
4. 0225275 


NOLO,  INDIANA    COUNTY. 

About  one-foil  rill  mile  nortli  of  Nolo  post-office,  on  land  owned  by 
Mr.  McCaffery,  on  high  ground,  but  not  the  highest  point. 

Station  mark :  A  stone  post  42  by  i)  by  0  inches,  set  38  inches  in 
the  ground,  in  the  center  of  top  of  which  is  cementeil  a  bronze  tablet 
marked  *'U.  S.  (reological  Survey — Pennsylvania.'' 
•  Reference  marks:  Stones  set  1  foot  b<dow  surface  of  grouna  with 
cross  on  top,  and  set  on  line  with  Evans  and  McCoy;  distant  10  feet 
from  station. 

[Latitude  40   34'  28.50  '.     Longitude  78   57'  4l.33".J 


To  Htatioii— 


Azimuth. 


// 


87  28  07. 9 
99  44  21.0 


Evans 

Warner 

Strong i    109  37  38.4 

McCoy 177  24  09.6 


Back  azimuth. 


ti 


267  23  18.4 

279  34  16. 2 

289  34  01.7 

357  23  52. 1 

Log.  distance. 

Meters, 
4. 0203741 

4. 3458154 

3. 9198276 

4. 1440697 


STRONG,  INDIANA    COUNTY. 

In  Cherry  Hill  Township,  about  2  miles  soutliwest  of  GitMinville 
village,  on  the  highest  hill  in  the  immediat<^  vicinity,  on  land  owned 
by  n.  15.  Strong.     TheiH)  is  a  lone  tree  on  tlie  southwest  part  of  hill. 

St^ition  mark:  A  stone  post  30  by  G  by  0  inches,  set  32  inches  in 
the  ground,  in  the  center  of  toj)  of  whicli  is  cemented  a  bronze  tablet 
marked  ''U.  S.  Geological  Survey — Pennsylvania." 

[Latitude  40"  35'  58.92' .     Longitude  79   03  14.39  '.] 


To  Htatiou— 


Warner 

Coleman 

Kunkle 

McCoy 

Nolo 

Bull.  181—01 G 


Azimuth. 

I.  II 

93  50  53.6 
110  12  12.0 
133  32  00. 8 
212  50  44.6 
289  34  01.7 


Bock  azimuth. 


0  I  n  \ 

273  44  25.4  ! 
290  07  07. 2  ' 
313  26  09.2 
32  54  04.0 
109  37  38.4 


Tjog.  distance. 
Meters. 

4. 1478120 
4. 0691774 
4. 2424223 
4. 1223126 
3. 9198276 
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EVANS,  INDIANA   COUNTY. 

In  Hrush  Valley  Township,  on  land  owned  by  John  Evans,  on  high- 
est part,  of  hill  cleared  of  timber  with  the  exception  of  two  small 
chestnut  trees. 

Station  mark:  A  stone  post  36  by  8  by  8  inches,  set  33  inches  in  the 
ground,  in  the  C43nter  of  top  of  which  is  cemented  a  bronze  tablet 
marked  ''U:  S.  Geological  Survey — Pennsylvania." 

[Latitude  40   34'  13.27".     Longitude  79'  05  06.43".] 


To  HUtlon— 


Widow 

Watt      

Warner .   ...     

Indiana  Norma!  School  Cupola 

Coleman 

Nolo 


Azimuth. 


Back  azimuth. 


Lfiff.  distance 


26  48  12.1 
101  41  54.2 
110  18  57.3 
129  57  46.9 
131  06  21.9 
267  23  18.4 


206  45  05.2 
281  84  19.5 
290  08  42.1 
309  54  54.2 
311  02  ;w.o 
87  28  07.9 


Meters. 
4. 1773173 

4.2248181 

4.0841382 

8. 9106425 

4.0457724 

4. 0203741 


INDIANA   NORMAL   SCHOOL,  INDIANA   COUNTY. 

(Not  occupied.) 
Station  mark:  Cui>ola  of  Normal  Schixd  Building. 

[Latitude  40   37'  02.69  '.     Longitude  79"  09  31.86".] 


To  HtatioD— 

Azimuth. 

Warner ... 
Evans 

0            <             n 

78  37  54. 9 
309  54  54. 2 

Back  azimuth. 


258  35  32.4 
129  57  46.9 


"Log.  distance. 


Meters, 
3. 7203033 

3.9106425 


WIDOW,  INDIANA    COUNTY. 

Ill  Black  Lick  Township,  about  6  miles  east  of  Blairsville,  on  the 
Blairsville  and  P^bensburg  pike.  It  is  on  a  bare  hill  about  20  rods 
south  of  the  road,  on  laud  owned  by  the  heirs  of  J.  W.  Thompson. 

Station  mark:  A  stone  post  48  by  C  by  0  inches,  set  44  inches  in  the 
ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tablet 
marked  ''L".  S.  Geological  Survey — Pennsylvania." 
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[Latitude  40''  26'  57.89' .     Longitude  79°  09  54.27 '. 


To  station- 


Azimuth. 


JelliBon  . . . 

Kelly 

Tabernacle 

Watt 

Warner 

Evans 


69  46  07. 1 
93  39  09.9 
113  29  15.9 
150  07  07. 1 
165  18  07.7 
206  45  05.2 


Back  azimuth. 

Loff.  distance. 

O            1              11 

MeterM, 

249  39  35.6 

4. 1810596 

273  35  33. 0 

3.8972129 

293  21  31.4 

4.2639820 

'    330  02  40.0 

4. 2877768 

345  15  60.0 

4.2604466 

26  48  12. 1 

4. 1773178 

COLEMAN,  INDIANA   COUNTY. 

In  White  Township,  about  2  miles  west  of  Indiana,  on  land  owned 
by  D.  Coleman. 

Station  mark :  A  stone  post  42  by  G  by  6  inches,  set  38  inches  in  the 
ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tablet 
marked  "U.  S.  Geological  Survey — Pennsylvania." 

Reference  marks:  Stone  sunk  2  feet  below  the  surface  of  grouna  in 
direction  of  Kunkle station;  distant  10.2  feet  U)  cross  on  stone.  Stone 
sunk  18  inches  below  surface  of  ground  in  direction  of  Warner  sta- 
tion; distant  12.3  feet  t-o  cross  on  stone. 

[Latitude  40^  38  09.95' .     Longitude  79   11  02.71  ".J 


To  station- 


Warner  . . . 

Watt 

Broadview 
Kankle  ... 

McCoy 

Strong 

Evans 


Azimuth. 

44  04  52. 9 
64  05  54.9 
122  32  38.9 
168  08  51.4 
248  38  22.5 
290  07  07.2 
311  02  30.0 


Baclc  azimuth. 

Log.  distauoe. 

o             '             ti 

Metern, 

224  03  29. 4 

3.6365737 

244  02  11.8 

3. 9520747 

302  28  27. 8 

4.0307069 

348  08  04. 9 

3.9115917 

68  46  47. 2 

4.2905687 

110  12  12.0 

4. 0691774 

.131  06  21.9 

4. 0457724 

ROWLAND,    INDIANA    COUNTY. 

On  a  high  hill  on  land  owned  by  W.  S.  Rowland.  About  4  miles 
north  of  Plumville,  in  North  Mahoning  I'ownship,  and  near  tlie  line 
between  North  and  South  Mahoning  Townshii)s. 

Station  mark:  A  stone  post  40  ])y  0  by  0  inches,  set  \M')  iii<;hes  in  the 
ground,  in  the  center  of  top  of  which  is  cemented  a  bronze?  tablet 
marked  **  U.  S.  (xeological  Survey — Pennsylvania.'' 
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[Latitude  30-^  50'  31.39' .    Longitude  79^  11'  32.36 '.] 


ToMtation- 

Azitnath. 

Backaximnth. 

Log.  distance. 

Knnkle 

3  45  50.3  1 
67  20  45. 1 
117  12  06.0 
286  00  15.2  • 
309  51  01.2 

o             /           // 

183  45  23.0 
247  12  03. 4 
297  06  56. 5 
106  08  44.8 
129  59  46.3 

Metrra. 
4. 1737351 

Ghraham 

4.3072670 

Clever . ., 

4.0951985 

Palmer 

4.2790843 

McCk)y 

4.3907798 

KUNKLE,    INDIANA   COUNTY. 

On  land  owned  by  Philip  Kuukle;  about  3  miles  north  of  Creek- 
side  post-office,  near  western  end  of  a  high  ridge  having  scattering 
trees  on  the  eastern  end. 

Station  mark :  A  stone  post  42  by  6  by  6  inches,  set  36  inches  in  the 
gi*ound  on  solid  rock,  in  the  center  of  top  of  which  is  cemented  a 
bronze  tablet  marked  "  U.  S.  Geological  Survey — Pennsylvania." 

[Latitude  40   42  28.78  .     Longitude  79^  12  14.09'.] 


TostatioD  — 


Warner  . . 
Broadview 
Graham  . . 
Rowland . . 

Palmer 

McCoy 

Strong  .  . . 
Coleman  .. 


Azimuth. 


// 


6  51  34.4 
73  17  40.3 
111  43  17.4 
183  45  23. 0 
243  23  23.7 
272  30  14.2 
313  26  09.2 
348  08  04.9 


Back  azimuth. 

Log.  distance. 

o               /             " 

Metera. 

186  50  57. 4 

4.0482704 

253  14  15.6 

3.8862700 

291  35  03. 6 

4. 2810749 

3  45  50.3 

4. 1737351 

63  32  19.9 

4.3331827 

92  39  25.9 

4.2983645 

133  32  00. 8 

4.2424222 

168  08  51.4 

3.9115917 

m'nauohton,  c:larion  county. 

On  a  bare,  round  knob,  about  2^  miles  southeast  of  Fisher  iK)st- 
office,  in  Mill  Creek  Township,  on  land  Ixjlonging  to  David  Mc- 
N  Hugh  ton. 

Station  mark:  A  sandstone  post  36  by  9  by  9  inches,  set  32  inches 
in  the  ground,  (>  feet  north  of  an  east  and  west  fence  line,  and  in  the 
center  of  top  of  ijost  is  cemented  a  bronze  tablet,  marked  '*U.  S.  Geo- 
logical Survey — Pennsylvania. " 

Kefereiun*  marks:  A  chestnut  tree  8  inches  diameter,  S.  84°  W.,  59i 
fe(»t  distant.  A  (*liestnut  tree  8  inches  diameter,  S.  13°  30'  E.,  28i  feet 
distant.  A  chestnut  tree  S  inches  diameter,  S.  35"  30'  W.,  51  feet 
distant  (magnetic  bearings). 
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[Latitude  4r   14'  47.47".     Longitude  79"  13    01.19'.] 


To  station— ^ 

Azimnth. 

o                 /                 // 

12  54  49.4 
49  18  40. 4 
76  19  09.7 

01  26  :w.6 

118  24  03.0 

Ba<.'tk  azimnth. 

0                 1                 II 

192  50  37.0 
229  08  24. 6 
256  10  22.7 
271  09  39.4 
298  15  38.3 

Lk>K.  r1i.stanee 

Clever 

4.6047255 

Myers 

4. 4594577 

Oroce 

4.2827486 

Beels 

Weaver  

4.5563276 
4. 3062598 

WARNER,  INDIANA  COUNTY. 

AI>out  ''\  miles  Hoiithwest  of  Tudiana,  in  White  Township,  on  the 
highest  part  of  a  bare,  round-top  hill,  on  land  owned  by  Mr.  Warner. 

Stiition  mark:  A  stone  post  40  ])y  6  by  0  inches,  set  30  inches  in 
the  ground,  in  tlie  center  of  top  of  which  is  cemented  a  bronze  tablet 
markwl  *'ir.  S.  Gc^ological  Survey — Pennsylvania." 

[LaHtnde40    30   29.07'.    Longitude  79    13'  10.50".] 


Tr»  Htation  - 


Tabernacle. 
Watt 


Azimnth. 


49  50  22. 8 
80  57  13.6 


Ba<*k  azimnth. 


Broadview. '     145  47  32.6 


Knnkle 

Coleman 

Indiana  Normal  School  cupola 


186  50  57.4 
224  03  29. 4 
258  35  32.4 


Strong 273  44  25.4 


Nolo... 
Evans  . 
Widow 


279  34  16.2 
290  08  42. 1 
345  15  60.0 


229  44 

260  54 

325  44 

0  51 

44  04 

78  37 

93  50 

99  44 

110  13 

165  18 


L<>g.  distant^. 


45.4  . 

54.0 

45. 1 

34.4 

52.9 

54. 9 

53. 6 

21.0 

57.3 

07.7 


Meters. 
4. 2036595 

3. 7080788 

4.0310144 

4.0482704 

3. 6365727 

3. 7203033 

4. 1478120 

4. 3458154 

4. 0841382 

4. 2604466 


HILLSIDE,  NORTH    BASK,  WKSTMORKLAND   (U)UNTY. 

On  ])rolongation  of  Hillside  tangent  of  Pennsylvania  Raih'oad,  in 
field  ow^ned  by  Jolm  Bridges,  alK)ut  one-third  mile  south  of  (rray  rail- 
road station. 

Theodolite  ehnated  15  feet. 

Station  mark:  A  sandstone  post  40  by  s  by  s  incln^s,  set  3r>  inches 
in  the  ground,  in  the  center  of  top  of  wliicli  is  cemented  a  bn»nz<»  ta]>- 
let  marked  ''  U.  S.  Geological  Survey — Pennsvlvania." 

Rofen»nce  marks:  Iron  bench-mark  post  set  at.  right  angles  to  tan- 
gent, on  fence  line,  7.56  feet  distant  from  c(»nter  of  station  mark. 
Iron  l)ench-inark  post  eastward  from  station  and  at  right  angles  to 
tangent,  31.2  feet  distant  from  center  of  station  mark. 
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[Latitude  40   23  27.97  .    Longitude  ir  14'  33.56".] 


To  station—- 


Azimuth. 


Back  azimath.     lAig.  distance. 


Soath  Base 

Jellison 

Kelly  (observed  azimnth) 


36  34  11.5 


// 


216  33  08.0 


99  01  21.3   278  57  50.4 
169  17  18.1  !  349  16  41.8 


Meters. 

3.5894711 
3.8904408 
3.85110">6 


KELLY,  INDIANA^  COUNTY. 

About  1^  miles  north  of  Blairsville,  in  a  cultivat<»d  field  owne<l  by 
Jaires  Kelly,  6  feet  north  of  fence  running  east  and  west.  A  few 
small  scattering  trees  near  summit  of  hill. 

Station  mark :  A  stone  iK)st  40  by  8  by  8  Indies,  set  37  inches  in  the 
ground,  in  the  center  of  top  of  which  is  cemente<l  a  bronze  tablet 
marke<l  "IT.  S.  Geological  Survey — Pennsylvania." 

[Latitude  40   27'  14.06  .     Longitude  79'  15  28.54".] 


To  station — 


Asimuth. 


Jellison .'. 

Marshall 

Tabernacle 

Widow 

Hillside.  North  base 


47  49  30.9 

92  25  17.0 

127  10  55.2 

273  35  33.0 

349  16  41.8 


Back  aziraath. 


227  46  3ft. 1 
272  19  08.7 
307  06  47.7 
93  39  09.9 
169  17  18.1 


LoK-  distance. 


Metern, 
3. 9331709 

4. 1357354 

4.051G686 

3. 8972 1 'i9 

3.a511056 


HILLSIDE,  SOUTH    BASK,  VTKSTMORELAND   COUNTY. 

On  a  level  railroad  dump  in  field  owned  by  George  Piper,  three- 
fourths  mile  southward  from  Hillside  railroa<l  station,  16  feet  west- 
ward from  fence. 

ThecKlolite  elevated  25  feet. 

Station  mark :  A  sjindstone  post  40  by  8  by  8  inches,  set  37  inches  in 
the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tivblet 
marked  '*IT.  S.  Geological  Survey — Pennsylvania." 

R(»ference  marks:  Iron  bench-mark  post  set  at  right  angles  to  tan- 
gent near  fence,  14.97  fcn^t  from  center  of  station  mark.  Iron  tench- 
mark  post  eastward  from  railroad  track,  just  inside  of  fence  on  bank, 
100.17  feet  fnmi  center  of  station  mark. 

[Latitude  40'  21'  46.78  .     Longitude  79^  16'  10.68".l 


To  station— 


Jellison  .....   

Hillside,  North  base 


Azimuth. 


Back  asiinnth. 


i> 


128  58  47.4 
210  33  08.0 


308  56  20. 1 
36  34  11.5 


LofiT.  distance. 
Metern. 

3.8385728 
3.5894711 
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WATT,  INDIANA    BOUNTY. 

About  1  mile  southwest  of  Tannery  post-offiee  and  If  miles  north- 
east of  Parkwood  post-office,  on  the  highest  point  of  the  western  one 
of  two  hills  about  the  same  height  and  1  mile  apart.  The  land  is 
owned  by  Thomas  Watt. 

Station  mark:  A  stone  post  42  by  8  by  8  inches,  set  39  inches  in  the 
gi'onnd,  in  the  center  of  top  of  which  is  cemented  a  bronze  tablet 
marked  **U.  S.  Geological  Survey — Pennsylvania." 

[Latitude  40^  36'  02.99  '.     Longitude  79^  16'  45.32".] 


To  Htation— 

Azimuth. 

Ba(;k  azimuth. 

Lo^.  distance. 

Jellison 

u               <                II 

11  37  51.5 
36  59  57.4 
74  32  44. 3 
174  05  29. 2 
244  02  11.8 
260  54  54.0 
281  34  19.5 
330  02  40.0 

O               '                r< 

191  35  46. 3 
216  56  39. 4 
254  28  24. 0 
354  05  01.4 
64  05  54.9 
80  57  13.6 
101  41  54.2 
150  07  07. 1 

Meters. 

4.3528660 

Tabernacle 

Hood 

Broadview 

4.0758263 
3.9896421 
3.9883854 

Coleman 

3. 9520747 

Warner 

Evans 

Widow 

3. 7080738 
4. 2248181 
4.2877768 

BROADVIEW,  INDIANA   CX>UNTY. 

About  3+  miles  north  of  SlielcKjta  and  a  few  rcxls  east  of  the 
Armstrong-Indiana  County  line,  on  a  high,  bare  hill,  with  some  tim- 
ber on  the  southwest  sloi)e.     The  land  is  owned  by  John  Russell. 

Station  mark :  A  stone  }K)st  42  l)y  8  by  8  inches,  set  38  inches  in  the 
gn)und,  in  the  center  of  top  of  which  is  cemented  a  bronw^  tablet 
marked  *'U.  S.  Geological  Survey — Pennsylvania." 


Tal)ernacle 
Graham  .. 
Clever  


[Latitude  40"  41'  16.95' .     Longitude  79°  17'  28.00 '.] 


Tu  station— 


Azimuth. 

ij       I        II 
17  47  44. 1 
131  45  43.1 
173  07  19.6 


Kunkle !    25:^  14  15.6 


Coleman 
Warner . 
Watt     . 


I 


;^2  28  27.  H 
325  44  45. 1 
354  05  01 . 4 


Back  azimuth. 

Log.  dJstanoo. 

O                 1                 II 

Meters. 

197  44  53. 7 

4.3044854 

311  40  54.2 

4.1436489 

a53  06  02. 8 

4. 3608128 

73  17  40.3 

3. 8862700 

122  32  38. 9 

4. 0307069 

145  47  32. 6 

4.0310144 

174  05  29. 2 

3. 988:1854 
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CLEVER,  ARMSTRONG   COUNTY. 

On  a  high,  cultivated  ridge,  with  scattering  dead  trees,  in  WajTie 
Township,  about  1  mile  west  of  Belknap  and  1  mile  east  of  Snyders- 
ville  (Muff  postr-office).     The  land  l^elongs  to  G.  H.  Clever,  of  Belknap. 

Station  mark:  A  sandstone  post  39  by  8  by  8  inches,  set  27  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cement^l  a  bronze 
tablet  marked  '*U.  S.  Geological  Sui*vey — Pennsylvania." 

Reference}  marks:  Live  chestnut  tree,  magnetic  bearing  S.,  84°  E., 
45^  feet  distant.  Dead  chestnut  tree,  N.  4°  E.,  121  feet  distant. 
Fence  on  line  l)etween  properties  of  G.  H.  Clever  and  Jei-emiah  Bow- 
ser beai*s  due  south,  3  feet  distant. 

[Latitude  40^  63  85.08' .    Longitude  79°  19'  25.41".! 


To  Btation— 


Graham 

Leister 

Templeton 

Reynolds 

McCall 

Myers.       

McNaughton 

Rowland 

Broadview 


Azimuth. 


29  26  80.0 
65  59  54.4 
93  16  57.6 
120  59  58.2 
130  01  44.6 
147  47  30.2 
192  50  37.0 
297  06  56. 5 
353  06  02.8 


Back  azimath. 

o           1           n 

209  22  57.3 

245  48  30. 8 

Loff*  diRtaiice. 


278  06  31.1 
300  50  42.0 
809  51  31.4 
327  41  28.6 
12  54  49.4 
117  12  06.0 
173  07  19.6 


Mrter». 

4. 1909592 
4. 4288814 
4.3508735 
4. 8643865 
4. 4550873 
4.8829143 
4.6047255 
4.09519^5 
4.8608128 


JELLISON,  WESTMORELAND   COUNTY. 

On  a  bare  sharp  hill  near  Salem  Church,  5  miles  southwest  of  Blairs- 
villo.  Land  is  owned  by  Mr.  Jellison,  who  lives  on  the  north  side  of 
hill. 

Station  mark:  A  sandst-one  post  36  by  8  by  8  inches,  set  30  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tablet 
marked  **U.  S.  Geological  Survey — Pennsylvania." 

[Latitude  40°  24'  07.85 ".    Longitude  79*^  19'  57.99".] 


To  station- 


Harmon  . . . 
Marshall.. 
Tabernacle 
Watt 


Azimuth. 


48  24  46.9 
180  58  22. 4 
168  10  21.9 
191  85  46.8 


Kellv '    227  46  :^.  1 


Widow 

Hillside.  North  base 
Hillside,  South  base 


249  89  85. 6 
278  57  50. 4 
308  56  20. 1 


Back  azimuth. 


II 


228  20 

310  50 

348  09 

11  37 

47  49 

69  46 

99  01 

128  58 


39.6 
01.2 
09.5 
51.5 
30.9 
07.1 
21.3 
47.4 


Loff.  distauce. 


Metern, 

4.0811381 
3. 9852846 
4.1083487 
4.8528660 
8.9331709 
4. 1810596 
3.8904408 
8. 83a5728 
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TABERNACJLE,  INDIANA   COUNTY. 

A])Out  one-half  mile  east  of  Clarksburg  post-ofliee  and  about  G  miles 
by  road  north  of  Saltsburg,  on  the  highest  part  of  a  bare  cniltivat<?d 
round-top  hill  owned  by  the  hoire  of  S.  W.  Coleman. 

Station  mark:  A  stone  post  40  by  0  by  0  inches,  set  3<»  inches  in  the 
gro!ind,  in  the  centner  of  top  of  which  is  cemente<l  a  bronze  tablet 
marked  **U.  S.  (4eological  Survey — Pennsylvania." 

[Latitude  40   30  54.57  '.     Longitude  79   31'  49.71   .] 


T«»  Htation— 


Azimuth. 


Back  azimuth. 


Marshall 36  51  54.3  ! 

Hood ....  181  56  25.3  i 

Broadview   197  44  53.7 

Watt.     216  50  39.4 

Warner 329  44  45.4 

Widow... - 293  3131.4 

Kelly 307  06  47.7 

Jelliflon 348  09  09.5 


216  49 
341  55 

17  47 

m  59 

49  50 
113  29 
127  10 
168  10 


45. 4 
23.0 
44.1 
57.4 

22.  H 
15.  9 


W  o 


21.9 


Lot;.  distaiUH). 


Meters. 
3. 8917275 

3.8611618 

4.3044854 

4.0758263 

4.2036595 

4. 2639820 

4. 0516686 

4. 1083487 


LUCINDA   CATIIOLTC    CHURCH,  CLARION   COUNTY. 

(Not  ocoupied.) 

Station  mark:  Spire  of  eliurc.li  noar  Lucinda  Htation,  on  Pittwburg 
and  Western  Railway. 

[Latitude  41    18'  41.71".     Longitude  79'  21'  58.24".] 


To  station- 


Azimuth. 


Rack  azimuth.  '  Lot;.  iliHtanco. 


Myers 

Beels.. - j      74  49  35.5 

McNaughton 299  59  02.7 


19  40  05.2  I  199  35  42.8 
254  38  29.9 
120  04  57.4 


Meter*. 
4.4416060 

4.3862458 

4. 1594736 


CLARION   COURT-HOUSE,  CLARION   COUNTY. 

(Not  ocHHipied.) 

station  mark:  Center  of  tower. 

[Latitude  41    12'  55.22'  .     Longitude  79    23'  11.60".] 


To  Htation  — 


Azimuth. 


Bock  azimuth.      Log.  diHtauco. 


n 


Myers •      26  19  26.3  :    206  15  52.3  \ 

Beels 101  12  14.0  "    281  01  57.4 


Metvr». 

4.2:i35056 
4. 3464047 
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HOOD,  INDIANA   COUNTY. 

In  Coneiiiaugh  Township,  About  1  mile  north  of  Elders  Ridge  post- 
offiije,  on  the  highest  point  of  a  bare  round-top  hill  owned  by  Calvin 
Hood. 

Station  mark :  A  stone  post  28  by  8  by  8  inches,  set  24  inches  in  the 
ground,  resting  on  solid  nxtk ;  in  the  center  of  top  of  which  is  cements 
a  bronze  tablet  marked  **U.  S.  (reological  Survey — Pennsylvania." 

[Latitude  44)   34  38.44' .     Longitude  79^  23  25.45  ".J 


To  Htatlnu— 


Azimuth. 


Marshall 

Steel 

Hilty  . . . 
Watt  .  - 


10  26  05.9 

47  52  51.9 

64  10  05. 2 

254  28  24.0 


Tabernacle '    841  55  2:^.0 


Back  azimuth. 

o     / 

ti 

190  24 

59.2 

227  47 

34.0 

244  04  31.3 

74  32 

44.2 

161  56 

25. 3 

Log.  di8tati<*e. 


Meters. 
4.1258931 

4. 1913671 

4.1281149 

3.9896421 

3.8611613 


(iRAHAM,  ARMSTRONG   COUNTY. 

About  1  mile  east  of  Blanket  Hill  post-office,  on  a  bare  ridge  of  cul- 
tivated land  owned  by  the  Graham  heirs  and  rented  by  W.  A.  Blose. 

Station  mark :  A  sandstone  post  3«>  by  8  by  8  inches,  set  32  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronzt*  tab- 
let marked  **U.  S.  (reological  Survey — Pennsylvania." 

Keference  marks:  Chestnut  tree  24  inches  diameter,  magnetic  bear- 
ing S.  23*^  W.,  distant  415  feet.  J)eaxl  clu^stnut  tree  18  inches  <liame- 
ter,  S.  m""  W.,  distant  257  feet. 

[Latitude  40"  46   17.2H  .     Longitude  79    24'  50.74".] 


To  Htatiun — 


Azimuth. 


Back  azimuth. 


II 


Shrader. 73  49 

Leister 98  40 

Miller... 120  00 

Teiiipleton. 135  00 

Reynolds.. i  154  18 

Clever. I  209  22 


Rowland . . 
Kunkle  . . 
Broadview 


247  12 
291  35 
311  40 


24.6 
56. 3 
41.6 
42.7 
20.5 

57. 3 

03. 4 
03.6 
54.2 


253 
278 
299 
314 
334 
29 
67 
111 
131 


39  11.0 
as  05.5 
55  18.5 
53  49.7 
12  37.9 
26  30.0 
20  45. 1 
43  17.4 
45  43. 1 


Log.  distance. 

MetevM. 
4. 3613318 

4. 2328320 

4. 1263694 

4. 3203059 

4. 4504542 

4. 1909592 

4. 3072670 

4. 2810749 

4.1436489 
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MARSHALL,  WESTMORELAND  COUNTY. 

Ill  Loyalbanna  Township,  about  »i.J  miles  soutliwest  of  Saltsburg, 
on  the  highest  part,  of  a  bare  flat  hill  which  is  the  southwestern  one 
of  three  near  together.     The  land  is  owned  by  Mrs.  William  Marshall. 

St^ition  mark:  A  stone  post  42  by  8  by  8  inches,  set  38  inches  in  the 
ffround,  in  the  center  of  top  of  which  is  cemenUHi  a  brcmze  ta])let 
marked  *'IT.  S.  (xeologicAl  Survey — Pennsylvania." 

[Latitude  40"  27'  32.39  '.     Lonfritnde  7r  2o  08.15".] 


Tu  Htation— 


Harmon  .. 

Steel 

Hilty 

Hood 

Tabernacle 

Kelly 

Jellison   . 


Azimuth. 

o  /  // 

6  44  30.8 
106  37  2.5.0 
126  59  37.0 
190  24  59.2 
216  49  53.2 
272  19  08. 7 
310  50  01.2 


Ba(;k  azimuth.     Ix>£r.  distance. 


186  43  44.3 

286  33  14. 0  i 

306  55  10.2  ■ 

10  26  05.9  I 

36  52  02. 1 

92  25  17.0 

130  53  22.4  ! 


MeUtit. 
4. 1592792 

3. 9778350 

4.0830968 

4. 1258931 

3. 8917275 

4. 1357854 

3. 9852846 


WEAVER,  CLARION  *(!OUNTY. 

Al)out  1  mile  south  of  Fryburg,  in  Washington  Townshij),  on  a  bai'e 
knob  of  cultivaU^d  land  ownwl  by  J.  O.  Weaver,  of  Marl)le  post-ofllce. 

Station  mark:  A  sandstone  post,  30  by  12  by  12  inches, set  32  inches 
in  the  ground,  in  the  center  of  top  of  whi<^h  is  cemented  a  bronze 
tablet  niarke<l  **Ur.  S.  Geological  Surv<»y — Pennsylvania." 

Reference  marks:  Chestnut  tree  12  inches  diameter,  magnetic  bear- 
ing S.  03°  W.,  274  feet  distant.  Chestnut  tree  22  inches  diameter,  N. 
50°  E.,  23S  feet  distant.  Oak  tree  IS  iiu^hes  diameter,  S.  55°  K.,  220 
feet  distant. 

[Latitude  41    19'  58.86' .     Longitude  79'  25'  46.92  .] 


To  Htation— 


Azimnth. 


McCall. 
Myers . 
Beela  .. 


22  57  16.7 

7  56  41.2 

64  14  20.7 


McNaughton 298  15  38.:^ 


Ba(;k  azimuth. 

202  51  12.0 

187  54  49.3 

244  05  45.9 

118  24  0:i.6 


TiOg.  diMtance. 


Mi'terH. 
4. 5204177 
4. 4577631 
4.  .3046552 
4.  .1062598 


HARMON,   WKSTMORKLAND   COUNTY. 

In  Unity  Township  about  3  miles  north  of  west  of  Latrobe,  on  a 
high  ridge  known  locally  as  Dry  Ridge.  The  ridge  is  flat  on  top  and 
Die  station  is  near  center  of  cleared  Held. 
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StHt ion  mark :  A  Htone  jKwt  42  by  8  by  8  inches,  set  38  inolies  in  the 
ground,  in  the  center  of  top  of  which  is  cemented  a  l)n)nze  tablet 
marked  ''U.  S.  Geological  Survey — Pennsylvania." 

[Latitude  40^  1ft  47.78  '.     Longitude  79*  2«' 19.91  '.] 


To  station—  Azimnth. 

46  04  32.8 
186  48  44.8 
228  20  39. 6 
Kepple I     110  05  16.9 


Stroble 
Marshall 
Jellison  . 


Back  azimnth. 

'       // 

226  02  15.  5 

6  44  30.8 

48  24  46.9 

289  59  32.2 


Log.  distance. 

3.8409840 
4. 1.592792 
4.0S11381 
4. 1262T22 


OROOE,  (CLARION   COUNTY. 

About  2f  miles  air-line  distance  wc^st  of  (/larion  court-house,  in 
Paint  Township,  on  a  low,  uncultivate<l  knob  having  a  fringe  of  trees 
and  bushes  along  a  north  and  south  f«m(»e  running  over  the  hill.  The 
land  l>elongs  to  John  Groce,  of  Clarion. 

Station  mark:  A  sandstone  jK)st  42  by  J^  by  8  inches,  set  3+  inches 
in  the  ground,  in  tlie  center  of  top  of  whicli  is  cemented  a  bi*onze 
t«-blet  marked  '*ir.  S.  Geological  Survey — Pennsylvania." 

Reference  marks:  Wihl  cherry  tree  on  fen<»e  lines  magnetic  bewar- 
ing S.  75°  K.,  75  fiM»t  distant.  Wihl  apple  tree  N.  55°  W.,  97  fc^et 
distant. 

[Latitnde  41    12'  19.69.'     Longitnde  79^^  26'  20.87."] 


To  station - 


Myers 

Beela 

McNaughton. 


Azimuth. 


Boo.k  azimuth. 


II 


II 


12  83  09.4  I     192  31  40.0 


107  15  39.5 
256  10  22.7 


287  07  27.7 
76  19  09.7  i 


Log.  diHtance. 

Meters. 
4. 1648794 

4.2598866 

4.2827486 


MYERS,  CLARION   (H)UNTY. 

Al>out  3  miles  southeast  of  Sligo,  in  Toby  Township,  and  near  the 
main  road  between  Clarion  and  East  Brady,  and  about  halfway 
between  the  two  places,  on  a  bare  knob  of  cultivated  land  belonging 
to  V.  R.  Myei*s,  of  Sligo. 

Station  mark :  A  sandstone  i)ost  36  by  8  by  8  inches,  set  30  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze 
tablet  marked  *'U.  S.  Geological  Survey — Pennsylvania." 

Reference  marks:  Chestnut  tree,  magnetic  bearing  S.  65^  E.,  303 
feet  distant.  Chestnut  tree  S.  55"  W.,  115  feet  distant.  Chestnut 
treeN.  84°  W.,  203  feet  distant. 
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[Latitude  4r  04'  37.67  ".     Longitude  79^  28'  36. 8<).  | 


To  station- 


Reynolds  

McCall    

Beels 

Weaver 

Groce 

Lncinda  Catholic  church 

Clarion  court-house 

McNaughton 

Clever 


Azimuth. 

Back  azimuth. 

O                1                II 

Logr.  distance. 

•1       1       II 

Meter*. 

39  10  40. 8 

219  07  25. 6 

4.0414047 

76  45  26. 6 

256  41   14.5 

3.9689954 

144  07  19. 6 

324  00  37. 9 

4. 3845964 

187  54  49.3 

7  56  41.2 

4.4577631 

192  31  40.0 

12  33  09. 4 

4. 1643794 

199  :J5  42.8 

19  40  05.2 

4.4416060 

206  15  52.3 

26  19  26. 3 

4.2335056 

229  08  24.6 

49  18  40.4 

4. 4594577 

327  41  28.6 

147  47  30.2 

4. 3829142 

MELLON,  FAYETTE  COUNTY. 

AlK)iit  2  miles  north  of  Markleysburg  and  0()O  feet  nortli  of  Mellon's 
store,  on  liill  covered  with  timber.  Theodolite  raised  18  feet  on  stump 
of  tree  and  lines  of  sight  cut  out  to  other  stations. 

Stsition  mark:  A  stone  post  36  by  12  by  12  inelies,  set  flusli  with 
surface  of  ground,  in  the  center  of  top  of  which  is  cementeil  a  copper 
bolt. 

[Latitude  39"  44'  43.18".     Longitude  79    29  2:5.30  .] 


To  Htatifin— 


Piney  Swamp 

Kelley 

Wymp 

Pondfield  . . . . 
Accident 


Azimuth. 

5  29  47. 3 

25  02  17.6 

82  or  39.3 

102  56  31.1 

308  24  44.6 


Back  azimuth.     Log.  dintanoe. 


185  28  53.8 
204  59  31.0 
261  57  14.8 
282  48  22.5 
128  32  14.0 


Meters. 

4. 3198719 
4. 1674360 
4. 3709214 
4. 2706993 
4.3;J0a574 


STROBLE,   WESTMORELAND    (M)L:NTY. 

About  4  mih»8  south(»a«t  of  (Treensburg,  on  a  cleaned  ridge  having 
iind>er  on  its  western  end;  there  is  a  Inglier  summit  1  mile  to  eastward. 
The  land  is  owned  ])y  John  Stroble. 

Station  mark:  A  stone  post  40  by  8  by  H  inches,  set  3f>  in<*hes  in  the 
ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  Uiblet 
marked  '*  U.  S.  Geological  Survey — Pennsylvania." 
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[Latitude  40'  17  11.77  .    Longitude  79^  29'  51.a4".] 


To  Htation— 


A]tman 

Kepple 

Harmon 


Azimuth. 

Back  azimath. 

Log.  distanoe. 

O               '                     // 

0             '                  // 

ytetert. 

95  57  58. 1 

275  58  01. 1 

4. 0302815 

141  08  28.0 

321  0>  00.3 

4. 0817032 

226  02  15. 5 

46  04  32.3 

3.9409840 

STEEL,  WESTMORELAND   C^OUNTY. 

About  4  miles  west  of  Saltsbiirg,  on  the  southern  part  of  siimniit  of 
high,  bare  hill  in  Bell  Township,  on  land  owned  by  John  St*>el. 

Station  mark:  A  stone  post  40  by  8  by  8  inches,  set  36  inches  in  the 
ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tablet 
marked  **  U.  S.  (reological  Survey — Pennsylvania.'* 

[Latitude  40"  29'  00.34".     Longitude  79"  31  34.73  .] 


To  station— 


Kepple. . . 

Rose 

Clearview 
Bush  Hill 
Hilty  ... 
Hood  .  ,- 
Marshall . 


Asixnath. 


Back  azimath. 


22  23  34.0  i  202  21  12.9 

52  15  25.4  ;  232  08  55.2 

70  04  30.7  !  249  59  21.5 

I 

125  41  21.6  !  305  39  26.9 

172  52  01.8  :  352  51  45.5 


227  47  34.0 
286  33  14.0 


47  52  51.9 
106  37  25.0 


hoK'  distance. 
Mriers, 

4. 1295269 
4. 2538871 
4. 0770516 
3.7098968 
3.6629986 
4. 1913671 
3. 9778350 


HILTY,  VTESTMORELAND   COUNTY. 

Ill  Bell  Townshij),  about  1^  miles  north  of  Perrysville  post-office, 
on  the  <*asl(^rn  part  of  a  bai-e  knob,  and  about  »3  feet  lower  than  the 
high(»st  part  of  the  hill,  on  land  owned  by  S.  McCauley. 

Station  mark:  A  stone  post  40  by  8  by  8  inches,  set  30  inches  in  the 
ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  triangula- 
tion  tablet  marked  *'  U.  S.  Geological  Survey — Pennsylvania." 

Referen<*e  marks:  Witness  stones  are  set  in  the  ground  0*5  feet 
north  and  6.18  feet  south  of  mark.  A  small  wild  apple  tree  is  7U.3 
feet  northea^st  of  mark. 

[Latitude  40'  31   28.40  .     Longitude  79   31'  59.01' .] 


To  Httttiou— 


Azimuth.  Ba<:k  azimuth.  .  Lo|C.  distance 


Bush  Hill 
Hood..-- 
Marshall . 
Steel 


66  14  30.4  i  246  12  51.4 

244  04  31.3  64  10  05.2 

306  55  10.2  126  59  37.0 

352  51  45.5  172  52  01.8 


Meters. 
3. 5933120 

4.1281149 

4.0830968 

8.6629986 
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MILLER,  ARMSTRONG  COUNTY. 

In  East  Franklin  Township,  about  2  miles  northwest  of  Kittannin^, 
on  a  flat,  cultivated  hill  owned  by  James  Miller.  It  is  KK)  yaixls  west 
of  his  brick  house. 

Station  mark :  A  stone  post  36  by  8  by  8  inches,  set  34  inches  in 
the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tablet 
marked  '*IT.  S.  Geological  Survey — Pennsylvania." 

[Latitude  40°  49'  53.90".     Longitude  79"  33'  a5.13  ".] 


To  statiou— 


Azimuth. 


I  ! 

i  Back  azimuth.    L<>f<.  distance. 


Lieister..  . 
Tcmpleton 
Graham  .. 


52  11  10.0 
158  21  39. 5 
299  55  18.5 


232  08  42.0 
338  20  09.8 
120  00  41.6 


Metvra. 
3. 8272558 

3. 9397410 

4.1263694 


REYNOLDS,    CLARION   COUNTY. 

On  a  round  Imre  kiiol)  about  4.J  miles  northeast  of  Kast  Hrady,  on 
road  to  Riniensbur^.  The  land  belongs  to  the  heire  of  Alex.  Rey- 
nolds, of  Kittanning,  and  is  occupied  by  George  Leonai'd. 

Station  mark:  A  sandstone  post  30  by  10  by  10  inches,  set  33  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tnh- 
let  niarke<l  '*U.  S.  Geological  S!irvey — Pennsylvania." 

Reference  marks:  Chestnut  tree  with  broken  top,  magnetic  Iwaring 
S.  58°  W.,  98  feet  distant.  Wild  <*licrry  tree,  4  inches  diameter, 
N.  ir  W.,  51  feet  distant. 

[Latitude  42    00'  01.14  .     Longitude  79    US  84.13".] 


To  statiou— 


Azimuth. 


Bai^k  azimuth.     lAtg.  diHtance. 


II 


Templeton ;  13  32  43.0 

McCall I  162  \]ii  17.7 

Myers ;  219  07  25.6 

Clever 300  50  42.0 

Graham 334  12  37.0 

I 


193  21  32.2 
342  32  21.0 
39  10  40.8 
120  59  5S.2 
154  18  20.5 


MeU-rtt. 

4.0389218 
3. 8277738 
4.0414047 
4.3643865 
4.4504542 


OVERTON,  WKSTMORKLANI)   COUNTY. 

About  15  feet  northeast  of  a  summit  of  hill  2  miles  nortlu^ast  of 
Scott^lale  and  one- fourth  mile  west  of  the  Painter  coke  ovens,  on  land 
owned  hy  the  McClure  Coke  Company. 

Station  mark:  A  stone  post  30  hy  8  by  8  inches,  set  30  inches  in  the 
ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tablet 
marked  '*U.  S.  Geological  Survey — Pennsylvania." 
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PRIMARY  TRTANGULATION  AKD  PRIMARY  TRAVERSE,    [bull.  181. 


[Latitude  40°  06  07.88".    Longitude  79'  33  48.87  '.  | 


To  HUtion— 

AEimnth. 

o          1            n 

57  24  28.2 
I4»  48  14.2 

Rack  Hzimnth. 

LfOK.  dintanoe. 

Moore 

*A1  vertou 

237  22  19.4 
329  47  a5. 4 

Mtter». 
3. 7500275 
3. 7013389 

BUSH   HILL,  WESTMORELAND   COUNTY. 

In  Washington  Township,  about  4  miles  soutli  of  Ajwllo,  on  a  bare 
hill  owned  by  the  heirs  of  Tsaac  Bush. 

Signal:  A  lone  apple  tree  on  highest  point  of  hill. 

Station  mark:  A  stone  post  40  by  8  by  S  inches,  set  30  inches  in 
the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  trian- 
gulation  tablet  marked  "U.  S.  (Toological  Survey — Pennsylvania." 

[Latitude  40   30'  37.17".     Longitude  79  ^  34  31.41  .] 


To  station— 


Azimath. 


Back  azimuth,  i  Lor.  diHtaiice. 


Clearview 
Hilty  .... 
Steel 


45  00  25.5  ,    224  57  11.0 
246  12  51.4  .      66  14  30.4 


305  39  26. 9 


125  41  21.6 


Mettrs, 

3.9994467 
3.5933120 
3.7093968 


m'call,  clarion  county. 

On  a  baiv  flat  knob  about  \^  miles  north  of  Be  la  iKJst-officfe,  8  feet 
north  of  an  east  and  west  fence.  The  land  belongs  to  William  T. 
McCall. 

Station  mark :  A  sandstone  post  30  by  8  by  8  inches,  set  32  indies 
in  the  ground,  in  the  center  of  top  of  which  is  ceinente<l  a  bronze 
tablet  marked  *'U.  S.  Geological  Survey — Pennsylvania." 

Refertuice  marks:  Chestnut  tree  18  inches  diameter,  magnetic  bear- 
ing N.  So''  W.,  185  feet  distant.     Chestnut  tree  18  inches  diameter  S. 

8r^  E. 

[Latitude  41    03'  29.14".     Longitude  79'  35'  00.49  '.] 


To  station— 


Beels  .- 
Weaver 

Myers  . 


Azimuth. 

166  21  52. 1 
202  51  12.0 
256  41  14.5  ; 


Back  tizlmuth.     LKHf.iliBtunci;. 


n 


Clever ._  !    309  51  31.4 


Reynolds 


:i42  32  21.0 


346  19  23.0 

22  57  16.7 

76  45  26.6 

1:^0  01  44.6 

162  33  17.7 


Meters. 

4. 3497924 
4. 5204177 
'  3.9639954 
4.4550873 
3. 8277738 
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KEPPLE,    WESTMORELAND   COUNTY. 

On  a  ridge  timbered  on  its  northern  end,  4  miles  north  of  Jeannette 
and  8  miles  northwest  of  Greensburg.  The  land  is  owned  by  Michael 
Kepple,  who  lives  at  foot  of  ridge  on  southeast  side. 

Station  mark :  A  stone  post  30  by  8  by  8  inches,  set  26  inches  in  the 
ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tablet 
marked  "U.  S.  Geological  Siirvey — Pennsylvania." 

[Latitude  40"  22'  16.36".     Longitude  79°  35'  12.32  ".] 


To  station— 

Azimuth. 

Back  azimntli. 

Log.  distance. 

Altman 

20  24  19. 7 
99  13  02.3 
143  58  12. 5 
202  21  12.9 
321  05  00.3 
289  59  32.2 

O                 1                 II 

200  22  55.2 
279  08  53.6 
323  55  24.7 
22  23  34.0 
141  08  28.0 
110  05  16.9 

Meter: 
3.9465750 

Rose     -- 

3.9625866 

Clearview 

4. 0157338 

Steel 

4. 1295369 

Stroble 

4.0817083 

Harmon    

4. 1363733 

TEMPLETON,  ARMSTRONG  COUNTY. 

About  1^  miles  north  of  Middlesex  (Cowansville  post-office),  in 
Sugar  Creek  Township,  on  a  bare  ridge  with  timber  on  the  northwest 
side.     The  land  is  owned  by  Widow  Templeton. 

Station  mark:  A  sandstone  post  42  by  8  by  8  inches,  set  30  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tablet 
marked  "U.  S.  Geological  Survey — Pennsylvania." 

Reference  mark :  A  wild  cherry  tree,  7  inches  in  diameter,  magnetic 
bearing  N.  8°  W.,  164  feet  distant. 

[Latitude  40^  54'  16.17  ".     Longitude  79^  35'  22.26 '.] 


To  station— 

Azimuth. 

Back  azimuth. 

Loff.  distance. 

Lieister 

o           /           n 

9  43  23.3 
18  52  03. 4 
193  21  33. 2 
273  06  31.1 
314  53  49.7 
338  20  09.8 

o               /               // 

189  42  35. 0 
198  48  43.8 
13  22  43.0 
93  16  57. 6 
185  00  42. 7 
158  21  39. 5 

Meter 9. 
4.0930300 

iSbrader 

4.3503890 

Reynolds 

Clever  

4.0389318 
4.3508785 

Qraham  . . 

Mttler 

4. 3203059 
3. 9897410 

ALVERTON,  WESTMORELAND   COUNTY. 

On  the  summit  of  the  hill  on  which  is  located  the  Alverton  cemetery, 
about  30  feet  west  of  the  westerly  fence  line  of  cemetery. 

Station  mark:  A  stone  post  36  by  8  by  8  inches,  set  30  inches  in  the 
ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tablet 
marked  "XT.  S.  Geological  Survey — Pennsylvania." 

Bull  181—01 7 
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PRIMARY  TRIANQULATION  AND  PRIMARY  TRAVKRSS.    {mouum. 


[Latitude  40*^  08'  28.25 ".    Longitude  79"  85'  85.68 '.] 


To  Btatlon— 

Azimntb. 

Log.  distance. 

Moore 

HogATitnwn                           ..... 

o              /              »t 

16  39  88.6 

81  52  06.7 

329  47  05.4 

O               1               II 

196  38  38.6 
261  49  08. 7 
149  48  14.2 

Meten. 
3.8868993 

3.8197812 

Overton 

3. 7013389 

LEISTER,   ARMSTRONG    (^OITNTY. 

Six  miles  southwest  of  Kittanning,  in  North  Buffalo  Township,  on 
a  round  knob,  cleared  on  southeast  side  and  timbered  on  northwest 
side.     The  land  belongs  to  Sarah  Jane  Grey,  of  MoHaddon. 

Station  mark :  A  sandstone  post  40  by  8  by  8  inches,  set  35  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tab- 
let marked  *'U.  S.  Geological  Survey — Pennsylvania." 

Reference  mark:  Oak  tree  18  inches  diameter,  magnetic  bearing 
N.  30"^  W.,  77^  feet  distant. 

[Latitude  40**  47'  40.31' .     Longitude  79**  36'  51.50 ".] 


To  station— 

Azlmnth. 

Back  azimuth. 

Loff.  distance. 

Shrader 

Templeton 

MiUflr 

O                 /                 '> 

29  48  10. 1 
189  42  25.0 
232  08  42.0 
245  48  30. 3 
278  33  05. 5 

209  45  46.8 

9  43  28.3 

52  11  10.0 

65  59  54.4 

98  40  56.3 

Meten. 
4.0155564 

4.0930800 

3.8372558 

Clever 

Graham 

4. 4288814 
4.2328820 

MOORE,  FAYETTE  COUNTY. 

On  a  hill  locally  known  as  Moore's  Hill,  2  miles  southwest  of  Scott- 
dale,  on  the  road  between  Scottdale  and  Dawson,  on  land  owned  by 
the  II.  C.  Frick  Coke  Company. 

Station  mark:  A  stone  i)0«t  36  by  8  by  8  inches,  set  30  inches  in  the 
ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tablet 
marked  "U.  S.  Geological  Survey — Pennsylvania." 

[Latitude  40'  04'  29.12".     Longitude  79°  37'  08.83  ".] 


To  station— 


Secrest 

Regantown 
Alverton . . 
Overton 


Azimntb. 


// 


111  37  13.2 
146  04  20.5 
196  38  38.6 
237  22  19.4 


Bactk  azimuth. 


n 


291  34  24.3 

326  02  22. 6 

16  89  38.6 

57  24  28.2 


Log.  distance. 


Metert, 
8.8251290 

8.8899846 

3.8863998 

3.7500376 
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ALTMAN,  WESTMORELAND   COUNTY. 

About  5  miles  southwest  of  Greensburg  and  1  mile  south  of  Old 
Grapeville,  on  a  flat,  cleared  hill  with  fringe  of  timber  on  the  northern 
side,  on  land  owned  by  John  C.  Altman. 

Station  mark :  A  stone  post  44  by  8  by  8  inches,  set  42  inches  in  the 
ground,  in  the  center  of  top  of  wliich  is  cemented  a  bronze  tablet 
marked  "U.  S.  Geological  Survey — Pennsylvania." 

[Latitude  40"  IT  47.65  '.     Longitude  79°  37'  22.a5  .] 


To  station— 


Shepler 
Wiley.. 
Rose. .. 
Kepple. 
Stroble 


Azimuth. 


II 


45  51  12.3 

77  41  14.4 

148  30  09.7 

200  22  55.2 

275  53  01 . 1 


Back  azimuth.      Lojf.  distance. 


225  43  4<J.O 

257  35  46.5 

328  27  25.6 

20  24  19. 7 

95  57  53. 1 


Metern. 
4. 3579395 

4.0885127 

4.0584376 

3. 9465750 

4. 0302815 


DUNBAR,  FAYKTTK   COUNTY. 

On  a  bald  summit  of  Chestnut  Ridge,  one-fourth  mile  east  of  State 
Oi"phan  School  and  about  5  miles  by  wagon  road  southeast  of  Union- 
town. 

Station  mark :  A  stone  post  42  by  8  by  H  inches,  set  30  inches  in  the 
ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tablet 
marked  **  U*.  S.  Geological  Survey — Pennsylvania." 

[Latitude  39"  53'  15.11".     Longitude  79"  38'  38.67' .] 


To  station- 

Azimutli. 

Back  axiranth. 

277  03  28.5 
350  43  35.0 

Log.  distance. 

Keener  

Work   

O                 1                  II 

97  12  12.7 
170  44  31.3 

Meters. 

4.2915497 

4.1119491 

1 

BBKLS,  ON    LINE   BETWEEN    CLAHIOX   ANi>    VENANUO    COUNTIES. 

About  3  miles  north  of  Salem,  in  Salem  Township,  on  a  bare,  round 
knob  with  timber  on  the  north  side.  On  an  east  and  west  line  fence, 
which  is  also  the  county  line  between  Clarion  and  Venango  counties. 
The  land  south  of  fence  is  owned  by  J.  H.  Beels,  of  Lamartine. 

Station  mark:  A  stone  post  30  by  8  by  8  inches,  set  30  inches  in  the 
ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tablet 
marked  "XJ.  S.  Geological  Survey — Pennsylvania." 

Reference  marks:  A  chestnut  tree  along  road  fence,  magnetic  bear- 
ing S.  34**  W.,  188  feet  distant.  A  county-line  monument  and  corner 
N.  87*"  W.,  115  feet  distant. 


100      PBIMARY  TBIANOULATION  AND  PRIM  ART  TRAVERSE.    [bull.18L 


[Latitude  41"  16'  14.00 ".     Longitude  79"  89'  47.07".] 


To  stfttioii— 


Weaver.  ... 

Luciuda  Catholic  Church 

McNaughton  

Clarion  court-house 

CJroce 

Myers 

McCall 


Admnth. 


n 


244  05  45. 9 
254  88  29. 9 
271  09  89. 4 
281  01  57.4 
287  07  27. 7 
824  00  87. 9 
846  19  28.0 


Back  Azimath. 


64  14  20. 7 
74  49  85. 5 
91  26  88.6 
101  12  14.0 
107  15  89. 5 
144  07  19. 6 
166  21  52. 1 


Loff'  difltanoe. 


Meter*. 
4. 3046552 

4.3862458 

4.5563276 

4.8464047 

4.2598866 

4.3845964 

4.3497924 


CLEARVIEW,  WESTMORELAND    (BOUNTY. 

In  Franklin  Township,  nboui  4  miles  north  of  Kxi>ort,  on  high,  bare, 
round  knob  owne<I  by  Joseph  Cline. 

Station  mark :  A  st^one  post  40  by  8  by  8  inches,  set  36  inches  in  the 
ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  triangula- 
tion  tablet  marked  **U.  S.  Greological  Survey — Pennsylvania." 

Reference  marks:  A  stone  8.1  feet  north;  stone  7.3  feet  south;  stone 
8.5  feet  west;  stone  74  feet  east. 

[Latitude  40"  26'  48.14".     Longitude  79"  39'  31.12 '.] 


To  station— 


Rose 

Bush  Hill 

Steel 

Kepple  . 


Azimnth. 

23  06  19.4 
224  57  11.0 
249  59  21.5 
328  55  24.7 


Back  asimnth. 

of/' 

203  04  58.3 
45  00  25.5 
70  04  30. 7 

143  58  12.5 


Log.  distance. 


Metera. 

3.8762981 
3.9994467 
4.0770516 
4. 0157222 


WORK,  FAYETTE   COUNTY. 

On  land  owned  by  John  Work,  about  5  miles  west  of  Connellsville 
and  9  miles  north  of  Uniontown.  A  row  of  locust  trees  crosses  top  of 
hill  along  a  north  and  south  fence. 

Station  mark:  A  stone  post  36  by  8  by  8  inches,  set  30  inches  in  the 
ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tablet 
marked  "U.  S.  Geological  Survey — Pennsylvania." 

Reference  mark:  A  nail  driven  at  foot  of  locust  tree  25^  feet  dis- 
tant, magnetic  bearing  of  which  is  N.  30°  E. 
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[Latitude  40'^  00'  09.20  '.     Longitude  79^^  40'  06.44'.] 


To  station- 

Azimuth. 

1 

1  Back  azimntli. 

Ixtg.  distance. 

Keener 

Krepp 

Dunbar 

o                /                f/ 

59  13  04.4 

98  17  22.0 

850  48  35.0 

O              1              n 

289  05  15. 9 
278  08  09.5 
170  44  81.3 

Meters. 
4. 3047205 

4. 8186372 

4.1119491 

REGANTOWN,  WESTMORELAND    COUNTY. 

On  the  summit  of  a  hill  in  a  cleared  field,  100  feet  east  of  a  tree,  one- 
half  mile  south  of  the  State  road  and  about  2  miles  west  of  Regan- 
town;  about  one-fourth  mile  northeast  of  a  blacksmith  shop  on  the 
road  from  Coal  Hollow  to  the  State  road. 

Station  mark :  A  stone  post  3G  by  8  by  8  inches,  set  30  inches  in  the 
ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tablet 
marked  **U.  S.  Geological  Survey — Pennsylvania." 

[Latitude  40"  07'  57.87  .     Longitude  79^  40'  11.80 ". 


To  station— 


Secreet.. 
Prospect 
Shepler  . 
Wiley. . 
Alverton 
Moore... 


Azimntli. 


II 


25  18  26. 5 
49  23  39. 4 
100  33  11.2 
152  50  42. 4 
261  49  08. 7 
326  02  22. 6 


Back  azimuth. 


205  17  a5.4 
229  19  04.  1 
280  27  84. 5 
332  47  04.2 
81  52  06.7 
146  04  20. 5 


Log.  distance. 


Meters. 

3.6484487 
4. 1254124 
4. 0994919 
4. 2430875 
3. 8197812 
8.8899846 


SHRADER,  ARMSTRONG   COUNTY. 

(Not  occupied.) 

On  a  bare  ridge  in  South  Buffalo  Township,  3  miles  northeast  of 
Freeport,  on  land  owned  by  A.  O.  Shrader,  of  Freeport. 

Station  mark:  A  sandstone  post  40  by  8  by  8  inches,  set  36  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tab- 
let marked  "IT.  S.  Greological  Survey — Pennsylvania." 

[Latitude  40''  42'  4a68' .    Longitude  79"  40'  80.96'\] 


To  station— 


Templeton 

Leister 

Graham  .. 


Azimntli. 


n 


198  48  48.8 
209  45  46.8 
258  89  11.0 


Back  azimnth. 


Log.  distance. 


18  62  08. 4 
29  48  10.1 
78  48  24.6 


Meters. 

4.8508890 
4.0165564 
4. 8618818 
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SBCREST,  WESTMORELAND   COUNTY. 

In  the  ceiit.er  of  a  ciiltivatt»d  fiel<l  on  a  high  summit  of  a  long  wooded 
ridge,  locally  known  as  Fort  Hill,  on  lan<l  owne<l  by  W.  M.  Secrest, 
who  lives  about  one-half  mile  noi-theast  of  station  and  about  2^  miles 
east  of  Layton  post-office. 

Station  mark:  A  stone  post  3*)  ])y  8  by  H  inches,  set  30  inches  in  the 
ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tablet 
marked  '*1T.  S.  Geological  Survey — Pennsylvania." 

[Latitude  40'  05'  48.90  .     Longitnde  79^  41'  31.20".] 


To  Htation— 


Prospect  -  -  - 

Shepler 

Regan  town 


Azimuth. 


Back  azimuth. 


60  16  23.6 
120  55  03.8 


240  12  89.4 
300  50  18. 4 


Log.  distance. 


205  17  35.4         25  18  26.5 


Moore 291  34  24.8 


111  37  18.2 


MetrrM. 

8.9778269 
4.0870265 
3.6434487 
3. 8251290 


ROSE,  WESTMORELAND   COUNTY. 

About  4  miles  north  of  Ti'win  on  a  cl<»anMl  ridge  owned  by  the  Rose 
heii*s. 

Station  mark:  A  stone  i)08t  40  hy  8  by  8  inches,  set  36  inches  in  the 
ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tablet 
marked  "U.  S.  Geological  Survey — Pennsylvania." 

[Latitude  40"  23  03.83".     Longitude  79"  41'  36.25 ".] 


To  station- 

Azimuth. 

oil! 

25  50  13. 1 
76  55  47. 1 
203  04  58.8 
232  08  55. 2 
279  08  53.6 
328  27  25. 6 

Rack  azimuth. 

O                                   II 

205  47  29.0 

256  51  00.8 

23  06  19.4 

52  15  25.4 

99  18  02.8 

148  30  10.0 

Ijog.  distance. 

Wiley 

Terrace 

Clearview 

Steel 

Kepple 

Meter*. 
4.1382508 

4.0297096 

3.8762981 

4.2538871 

3.9625866 

^^^ff      -  —  -.-. .. ...... 

Altman 

4.0584376 

PONDPIELD,  FAYETTE  COUNTY. 

On  a  high  timbered  summit  of  Chestnut  ridge,  about  4  miles  air- 
line distance  south  of  Fairchance  and  one-half  mile  north  of  Robert 
Rankin's  house.  Theodolite  was  elevated  25  feet  and  lines  of  sight 
were  cut  through  timber  toward  other  stations. 

Station  mark:  A  stone  post  36  by  12  by  12  inches,  set  flush  with  the 
surface  of  the  ground,  in  the  center  of  top  of  which  is  cemented  a 
copper  bolt;  3  feet  south  of  stump. 
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[LaUtude  39°  46'  57.92  .     Longitude  79'  42'  07.17  .] 


To  station— 


Wymp 
Mellon 
Kelley 


Azimuth. 

Back  azimntb. 

Log.  diatance. 

o             /             // 

Q               1               It 

Meters. 

34  25  25.2 

214  28  09.0 

3.9532404 

282  48  22.5 

102  56  31.1 

4.2706993 

325  31  36.8 

145  36  58. 1 

4.3261887 

WILEY,  WESTMORELAND    COUNTY. 

About  o  miles  north  of  West  Newton  and  G  miles  southwest  of 
Irwin,  on  a  high  ridge  on  farm  belonging  to  Emily  G.  Wiley,  of 
Yohoghany,  whose  house  is  about  one-fourth  mile  south  of  signal. 

Station  mark :  A  stone  post  36  by  8  by  8  inches,  in  the  center  of 
top  of  which  is  cemented  a  bronze  tablet  marked  "U.  S.  Greological 
Survey — Pennsylvania. " 

[Latitude  40°  16'  22.57  .     Longitude  79   45'  49,Sri',] 


To  station— 

Azimuth. 

Back  azimuth. 

198  09  19. 3 
261  51  28.0 
307  05  05.5 
335  52  58.9 
25  50  13. 1 
77  41  14.4 
152  50  42.4 

Log.  dintance. 

Shepler 

Pollock  . 

Calhoun 

o              /              // 

18  11  18.3 
81  58  46. 1 
127  11  22.2 
155  55  00.9 
205  47  29. 0 
257  ai  46.5 
332  47  04.2 

Meters. 
4. 1452190 

4.2080156 

4.2365716 

Terrace 

Bofle 

4. 0373270 
4.1382508 

4.0885127 

Regantown 

4.2430375 

PROSPECT,  FAYETTE   COUNTY. 

About  1}  miles  southeast  of  liedstone  and  7  miles  northeast  of 
Brownsville,  on  a  flat,  bald  hill  having  a  large  apple  tree  on  summit. 
The  land  is  owned  by  the  heirs  of  Thomas  Murphy  and  is  occupied  by 
J.  C.  Murphy,  of  Redstone. 

Station  mark:  A  stone  post,  40  by  8  by  8  inches,  set  36  inches  in  the 
ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tablet 
marked  **U.  S.  Greological  Survey — Pennsylvania." 


[Latitude  40*'  03'  15.98". 

Longitude  79*  47'  19.34 '.] 

To  station^ 

Azimuth. 

Back  azimuth. 

Log.  distance. 

Keener 

e         /            II 

23  38  12. 3' 

74  26  58. 4 

168  27  48.5 

229  19  04.1 

240  12  89.4 

0      /        II 

203  35  01.7 

254  22  24. 1 

348  26  47.5 

49  28  89.4 

60  16  28.6 

Meters. 
4.2448865 

KreDD ..--......._....--..-.-. _-... 

4.0209121 

■■■^i'l'"  ------------------------------- 

8lMpl«r 

4. 0497613 

Bagantown  . 
Sacareat 

4. 1254124 

8.9778269 
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SHBPLBR,  WESTMORELAND   COUNTY. 

About  4  miles  southeast  of  Belle  Vernon  and  5  miles  east  of  Ohar- 
leroi,  on  a  high  cultivated  hill  owned  by  John  Shepler. 

Station  mark:  A  sandstone  post,  32  by  8  by  8  inches,  set  30  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tab- 
let marked  **U.  S.  Geological  Survey — Pennsylvania." 

[Latitude 40**  09'  12.22 ".    Longitude 79'  48'  54.10".] 


To  station— 


Krepp 

Hillsboro  .. 
Pollock..-. 

WUey 

Altman 

Regan  town 

Secreet 

Prospect .  - . 


Azimath. 

Back  azimuth. 

Log.  distance. 

O              '                 II 

O                 /                '( 

Meters. 

29  89  60.0 

209  86  26.4 

4.2009908 

71  44  42.6 

251  84  48.6 

4.8616006 

188  26  08.4 

318  20  50.8 

4.2046201 

198  09  19.8 

18  11  18.8 

4. 1452190 

225  48  46.0 

45  51  12. 8 

4.8579895 

280  27  84.5 

100  88  11.2 

4. 0994919 

800  50  18. 4 

120  55  08.8 

4.0870265 

848  26  47. 5 

168  27  48. 5 

4. 0497618 

TERRACE,  ALLEGHENY   COUNTY. 

About  2  miles  east  of  McKeesport,  on  a  high  hill  known  as  Fairview 
Terrace  and  owned  by  Alex.  Faucett,  of  McKeesport. 

Station  mark:  A  sandstone  post,  36  by  8  by  8  inches,  set  30  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze 
tablet  marked  '*U.  S.  Geological  Survey — Pennsylvania." 

[Latitude  40"  21'  45.09".     Longitude  79''  48  58.81' .] 


To  station^ 

Azimuth. 

Back  azimuth. 

Lost,  distance. 

Pollock 

O                 1                II 

48  22  06.7 

92  52  45.7 

256  51  00.8 

885  52  58.9 

O                 /                 II 

228  16  51. 1 

272  48  80. 7 

76  55  47. 1 

155  55  00.9 

Meters. 

4. 2251518 

(Calhoun           ,        ...      ...          .... 

8.9684989 

Rose 

4.0297096 

Wiley 

4.0878270 

KEENER,  FAYETTE  COUNTY. 

About  8  miles  west  of  Uniontown,  1^  miles  north  of  McClellandtown, 
and  23.3  feet  west  of  a  lone  locust  tree  on  a  bare  knob  owned  by  Ben 
Keener,  who  lives  300  yards  south  of  station. 

Station  mark:  A  stone  post,  40  by  8  by  8  inches,  set  36  inches  in  the 
ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tablet 
marked  **XJ.  S.  Geological  Survey — Pennsylvania." 
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Reference  mark:  A  stone  post,  36  by  12  by  12  inches,  set  34  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  an  aluminum 
bolt;  azimuth  from  station  275°,  27';  distance,  20  feet. 

[Latitude  39**  54'  33.86".    Longitude  79*"  52'  16.00 ".] 


To  station- 

Azimuth. 

Back  azimuth. 

Fast  

O                  /                 II 

10  45  03. 1 
51  08  33.2 
98  07  26.8 
189  22  16.0 
166  57  58. 6 
203  35  01.7 
239  05  15.9 
277  03  28. 5 

O                 1                 II 

190  44  15.0 

231  04  02.8 

273  01  04. 2 

319  14  33.8 

846  56  35.3 

23  38  12.3 

59  13  04.4 

97  12  12.7 

Metert. 
3.9804006 

Turkey 

4.1097964 

Jefferson 

Hillsboro 

4. 1512351 
4. 4181154 

Krepp 

4.1346730 

Prospect  

4.2448865 

Work 

4.3047205 

Dunbar 

4. 2915497 

FAST,  FAYETTE  COUNTY. 

About  2  miles  southeast  of  Masontown,  on  road  to  Smithfield,  8  feet 
north  of  an  east  and  west  fence  on  land  owned  by  Mr.  Fast,  who  lives 
about  300  yards  south  of  station. 

Station  mark :  A  stone  po.st,  36  by  10  by  10  inches,  set  36  inches  in 
the  gi'ound,  in  the  center  of  top  of  which  is  cemented  a  bronze  tablet 
marked  **ir.  S.  Geological  Survey — Pennsylvania." 

[Latitude  39**  49'  29.36".     Longitude  79**  53'  30.97 '.] 


To  station— 

• 

Azimuth. 

Back  azimntb. 

Log.  distanoa 

St.  Clair 

9                 1                 II 

10  01  47. 4 

47  17  02. 2 

99  01  56.6 

129  24  42. 4 

190  44  15.0 

U                     1                    11 

190  00  87.0 
227  11  58.5 
278  58  14. 5 
309  19  08. 7 
10  45  03.1 

Meters. 
4. 1777784 

Morley 

4. 1871165 

Turkey r 

3. 9215699 

Jefferson 

4. 2041975 

Keener 

3.9804006 

KREPP,  WASHINGTON   COUNTY. 

About  1^  miles  northwest  of  Brownsville,  on  a  prominent  and  well- 
known  bald  knob  owned  by  James  Nickson. 

Station  mark:  A  sandstone  post,  40  by  8  by  8  inches,  set  36  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tablet 
marked  "U.  S.  Geological  Survey — Pennsylvania." 
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[Latitude  40**  01'  44.55".    Longitude  79°  54'  25.(19".] 


To  station- 


Jefferson 
Hillsboro 
Shepler . . 
Prospect 
Work... 
Keener  .. 
Turkey  . . 


Azimuth. 


41  28  81.9 
115  18  26.6 
209  36  26.4 

• 

254  22  24. 1 

278  08  09. 5 

346  56  35.3 

18  00  10. 1 


Back  azimuth. 

1 

Log.  dlntanca 

1 

Meter*, 

221  28  82.6 

4.2228714 

295  07  06.8 

4.1890430 

29  89  60.0 

4.2009908 

74  26  58. 4 

4. 0209121 

98  17  22.0 

4. 8186872 

166  57  58.6 

4.1846780 

197  57  02.7 

4.8515150 

CALHOUN,  ALLEGHENY   COUNTY. 

About  2^  miles  west  of  McKeesport  and  \  mile  south  of  Calhoun 
Park,  on  farm  of  W.  F.  Miller. 

Station  mark:  A  stone  post  36  by  8  by  8  inches,  set  30  inches  in  the 
ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tablet 
marked  '*U.  S.  Geological  Survey — Pennsylvania." 

[Latitude  40"  23  00.05' .     Longritude  79°  55'  32.00".] 


To  station— 


Pollock 

Shannon . 

Terrace 

Wiley 

Union  U.  P.  Church 
Qreentree..   


1 

Azimath. 

O                   '               /' 

9  58  00.0 

84  27  17. 4 

272  48  30.7 

307  05  05.5 

• 

114  14  59.9 

150  34  16. 3 

Back  asimath. 


189  56  59.0 
264  28  27.5 
92  52  45.7 
127  11  22.2 
294  06  16.4 
330  30  36.5 


LoiT-  distance. 


Meters. 
4.1096654 

3.9250687 

3. 9684989 

4. 2365716 

4. 8196701 

4. 2107475 


POLLCXJK,  WASHINGTON   COUNTY. 

On  Pollock's  Hill,  about  2  miles  west  of  West  Elizabeth,  on  road  to 
Finley ville,  400  feet  west  of  a  rough  board  shanty  on  highest  point  of 
bare  hill,  owned  by  Mr.  McClure. 

Station  mark:  A  sandstone  post  40  by  8  by  8  inches,  set  36  inches  in 
the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tablet 
marked  **U.  S.  Geological  Survey — Pennsylvania." 
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[Latitude 40'  15'  08.99".    Longitude 79'  57'  06.36'.] 


To  station— 


Hillsboro 

Shannon  

Calhoun 

Terrace 

Wiley 

Shepler 

Mount  Wheeler 
Canonsburg 


Azimuth. 


29  10  08.6 
152  a5  31.9 
189  56  59.0 
223  16  51.1 
261  51  28.0 
313  20  50.8 
61  30  40.4 
87  29  40.3 


Baok  azimuth. 


Log.  distance. 


209  05  31.5 

332  32  43.3 

9  58  00.0 

43  22  06. 7  1 

81  58  45. 1  I 

133  26  08. 4 

241  19  25. 7 

267  20  47.3 


Meters. 
4. 8197153 

4. 1359181 

4.1096664 

4. 2361618 

4. 3080166 

4.2046201 

4.4496631 

4.2904188 


TURKEY,  GREENE   COUNTY. 

About  1  mile  north  of  Sigsl^ee  and  4  miles  south  of  Carmichaels,  on 
Turkey  Knob,  in  a  cultivated  field  owned  by  Leroy  Hartley. 

Station  mark:  A  stone  post  42  by  10  by  10  inches  set  flush  with 
surface  of  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze 
tablet  marked  '*  U.  S.  Geological  Survey — Pennsylvania." 

[Latitude  89^  50  11.72".    Longitude  79^  59'  17.69 '.] 


To  station— 

Azimuth. 

Ba<*k  azimuth. 

o                 1              II 

194  30  55. 5 

334  56  40.0 

18  00  10. 1 

51  08  33.2 

99  01  56.6 

160  46  31.0 

\Mg.  distance. 

Morley -  

Q                 1               II 

14  82  17.4 
154  58  31.5 
197  57  02.7 
231  04  02. 8 
278  58  14. 5 
340  43  69. 6 

Meters. 
4.0842057 

Jefferson 

Krepp  ,  .  ......     , . - . 

3. 9895131 
4. 3515160 

*■* ^xrxr     '  --------------------------  ---- 

Keener .-. 

4.1097964 

Past 

3.9315699 

St  Clair 

4.3337848 

ALLEGHENY  OLD  OBSERVATORY,  ALLEGHENY  COUNTY. 

On  a  hill  near  the  center  of  the  city  of  Allegheny. 
Station  mark :  The  center  of  dome. 

[Latitude  40'  37'  43.17".    Longitude  80"  00'  44.09".] 


To  station- 

Azimuth. 

Back  azimuth. 

Log.  distance. 

Allegheny  New  Obeeryatory 

O                 1               II 

161  81  89 
•    170  00  46 

e           1          II 

841  31  18 
860  00  39 

Meters. 
8.38774 

Ghneentree 

8.66304 
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QRBENTREB,  ALLEGHENY    COUNTY. 

On  the  highest  point  of  Greentree  Hill,  in  extreme  northwest  part 
of  city  of  Allegheny,  on  land  belonging  to  the  city.  Summit  of  hill 
is  covered  with  locust  bushes  15  to  18  feet  in  height. 

Theodolite  elevated  25  feet. 

Station  mark :  A  sandstone  post  38  by  8  by  8  inches,  set  34  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  * 
tablet  marked  "IT.  S.  Geological  Survey — Pennsylvania." 

[Latitude  40°  29'  38.64 ".    Longitude  SO**  01'  10.95".] 


To  8t*tion~ 

Asimnth. 

Back  aslmath. 

Shannon 

Union  U.  P.  Church 

tt             1              H 

1  26  42.8 

63  10  18.2 

90  57  02.2 

129  06  28.8 

380  30  36.5 

e          1          II 

181  26  82. 4 
243  05  18.9 
270  46  45.3 
309  00  80.6 
150  84  16. 8 

Mettra. 
4. 1751665 

4.0926886 

Dickson . . . 

4.8497228 

Weir,.. 

4.2222866 

Calhonn         ...    ^  ^ , ,      .  ^ .  ,  , 

4.2107476 

ALLEGHENY  NEW   OBSERVATORY,  ALLEGHENY   COUNTY. 

On  the  summit  of  a  hill  in  Riverview  Park,  Allegheny. 

Station  mark :  The  center  of  main  dome  (in  process  of  construction, 

1900). 

[Latitude  40"  28  57.26".     Longitude  80"  01'  16.94 ".] 


To  station— 

Azimath. 

Back  azimuth. 

Log.  distance. 

Union  U.  P.  Church..   

Greentree 

Allefirheny  Old  Observatory 

Q               1             II 

68  25  57 
186  18  06 
341  31  18 

O             t           II 

248  20  57 

6  18  10 

161  31  39 

Meten. 
4.06917 

8.10864 

3.38774 

MORLEY,  GREENE  COUNTY. 

On  a  flat  bald  ridge  owned  by  D.  W.  Morley,  1  mile  southeast  of 
Bald  Hill  and  one-half  mile  north  of  Pennsylvania- West  Virginia 
State  line.     There  are  a  few  trees  under  brow  of  hill  on  east  side. 

Station  mark:  A  stone  post  42  by  12  by  12  inches,  set  flush  with  the 
surface  of  the  ground,  in  the  center  of  top  of  which  is  cemented  a 
copper  bolt. 
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[Latitude  39*  43'  50.65 ".     Longitude  80^^  01'  25.65  ".] 


To  stfttion— 

Azlmatb. 

Back  azimuth. 

Log.  diBtance. 

Turkey 

Fast 

Wyinp . . 

e           1            II 

194  30  55.5 
227  11  58.5 
274  03  51.4 
296  44  41.3 
304  53  01.7 
357  07  59.2 

O                 1                   It 

14  32  17.4 

47  17  02.2 

94  13  55.6 

116  48  34.2 

125  00  48.8 

177  08  22. 3 

Meten, 
4. 0842a57 

4. 1871165 

4. 3536192 

St.  Clair .'. 

Reed 

3. 9880410 
4.3278602 

Waters 

4. 2878975 

SHANNON,  ALLEGHENY  COUNTY. 

About  1  mile  south  of  (-astU*  Shannon  post-office,  on  a  high,  culti- 
vated knob  on  which  is  one  tree  about  30  feet  northeast  of  signal. 

Station  mark :  A  sandstone  i)ost  34  by  7  by  7  inches,  sunk  33  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tri- 
angulation  tablet  marked  **U.  S.  Geological  Survey — Pennsylvania." 

[Latitude  40"  21'  33.53  '.     Longitude  80"  01'  26.95  ".] 


To  station— 


Calhoun 

Pollock 

Canonsburg 
Hickman  . . 
McDonald. 


Azimuth. 


II 


264  23  27. 5 

332  32  43.3 

46  20  22.0 

83  01  46.0 

90  53  55.8 


Union  U.  P.  Church j     131  18  26.2 

Qreentree 181  26  32.4 


Back  azimuth. 

Log.  distance. 

Meter$. 

84  27  17. 4 

3.9250637 

152  35  31.9 

4. 1259131 

226  14  17. 1 

4.2656474 

262  57  02.4 

4. 0175877 

270  46  02. 6 

4. 2865717 

311  13  32.8 

4. 1524041 

1  26  42.8 

4. 1751666 

JEFFERSON,  GREENE   COUNTY. 

About  I  mile  southeast  of  Jefferson,  on  a  high  bald  knob  owned  by 
Lawrence  Kraft. 

Station  mark :  A  stone  post  36  by  8  by  8  inches,  s^t  36  inches  in 
the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tablet 
marked  "U.  S.  Geological  Survey — Pennsylvania." 
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[Latitude  39   54  58.46  .     Longitude  80   02'  ll.a*) '.] 


To  station— 


HillsboTo 
Krepp . , , 
Keener. . 

Faat 

Turkey. . 
Hughes  . 
Union... 


Azimuth. 


1/ 


171  14  18.9 
221  23  32. 6 
278  01  04.2 
309  19  08.7 
334  56  40.0 
104  02  35.8 
115  15  13.2 


Ba(;k  Asimnth. 


tt 


351  12  54. 0 
41  28  81.9 
93  07  26.8 
129  24  42.4 
154  58  31.6 
288  56  38.8 
295  07  32. 4 


Log.  distance. 


Meter*. 
4.2860956 

4.2228713 

4. 1512851 

4. 2041975 

3. 9895121 

4. 1844974 

4. 3747311 


HILLSKOHO,  WASHINUTON    COUNTY. 

Ill  a  rocky  panture,  about  1,CKH)  feet  north  of  Hillsboro  church, 
al)out  half  way  between  Brownsville  and  Washington,  along  the 
National  pike,  on  land  owned  by  Mrs.  E.  S.  Tonebaugh,  who  lives  at 
crossing  about  1,500  feet  southeast  of  station. 

Station  mark :  A  stone  post  30  by  8  by  8  inches,  set  30  inches  in 
the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tablet 
marked  "U.  S.  Geological  Survey — Pennsylvania." 

[Latitude  40^  05   17.67  .     Longitude  80   04'  15.81".] 


To  station— 


Azimnth. 


Pollock 

Shepler 

Krepp 

Jefferson 

Keener 

Hughes 

Union . 

Mount  Wheeler 
Canonsburg 


209 

05  31.5 

261 

34  48. 6 

295  07  06. 8 

a5i 

12  54.0 

319 

14  33.3 

33  02  20.9 

51 

48  48.2 

108  08  43.9 

151 

42  44.5 

Back  azimath. 

Log.  distance. 

o              /              /» 

Uetrnt. 

29  10  08.6 

4.8197152 

71  44  42.6 

4.3616006 

115  13  26.6 

4.1890430 

171  14  18.9 

4.2860956 

139  22  16.0 

4. 4181154 

212  51  42. 6 

4.2751190 

231  42  26.5 

4.2581028 

288  02  07.1 

4. 1859700 

331  38  29.5 

4.2949237 

MORRIS,  GREENE  COUNTY. 

On  land  owned  by  Henry  Morris,  5  miles  southeast  of  Waynesburg, 
3  miles  east  of  Randolph  Church;  in  cleared  field  600  feet  north  of 
ridge  road  and  one-fourth  mile  west  of  Mr.  Morris's  house. 

Station  mark:  A  marble  post  48  by  8  by  8  inches,  set  46  inches  in 
the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tri- 
angulation  tablet  marked  '*  U.  S.  Geological  Survey — Pennsylvania." 
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[Latitude  89*"  52'  02.67  ".    Longitude  80"  06'  47.91".] 


To  BtAtion— 

Azimuth. 

Back  Azimuth. 

Logr.  distance. 

Shriver 

Hnirhes 

O            /                    II 

69  27  10.8 
142  37  23.6 
230  25  41.6 

O            /                    II 

249  24  58. 1 

322  34  23.6 

50  28  38.8 

Meters. 
3.7205630 

4.0408685 

Jefferson 

3. 9301948 

HICKMAN,  ALLEGHENY    COUNTY. 

On  a  bald  hill  in  South  Fayette  Township,  2^  miles  southwest  of 
Bridge ville,  on  land  telonging  to  William  Hickman,  who  lives  on 
south  side  of  hill. 

Station  mark:  A  sandstcme  post  30  by  12  by  12  inches,  set  28  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tab- 
let marked  **U.  S.  Geological  Survey — Pennsylvania." 

[Latitude  40    30   52.33".     Longitude  80    08'  44.87".] 


To  station— 

Azimuth. 

Back  azimuth. 

Log.  diHtance. 

1  CanonsbarflT 

O            /                 II 

14  85  39.2 
102  26  54.8 
178  07  14. 0 
262  57  02.4 

O            /                   II 

194  34  17.5 

282  23  45.3 

358  07  04.4 

83  01  46.0 

Meters. 
4.0787263 

McDonald               .  .     

3. 8495728 

Union  U.  P.  Chnrch 

4.0271348 

Shannon 

4. 0175877 

UNION   U.    P.    CHURCH,    ALLEGHENY    COUNTY. 

A  new  brick  church  with  a  square  tower  on  its  noi*theast  corner,  sit- 
uated on  a  hill  1  mile  west  of  Remington,  on  the  Steubenville  pike. 
Station  mark:  Center  of  tower. 


[Latitude  40"  26'  37.25' .     Longitude  80'  08  59.69  .] 


To  station- 

Azimuth. 

Back  azimuth. 

McDonald 

O                 1                 II 

35  48  45.7 
117  40  04.8 
173  11  33.3 
243  05  13.9 
294  06  16.4 
311  13  82.8 
858  07  04.4 

O                 /                 II 

215  40  45.6 

Dickson 

Weir 

297  34  52. 5 
853  10  40. 1 

Greentree 

68  10  18.2 

Oalhotin       ... 

114  14  59.9 

Shannon   ,  . 

181  18  26.2 

Hickman 

178  07  14.0 

Log.  distance. 


Meters. 
4.0503085 

4.1070426 

4.2101067 

4.0926886 

4. 3196701 

4. 1524041 

4. 0271848 
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SHRIVER,    GREENE   COUNTY. 

On  a  bald  hill  2  miles  west  of  Randolph  Church  and  4  miles  south 
of  Waynesburg,  on  land  owned  by  William  Shriver. 

Station  mark:  A  marble  post  48  by  8  by  8  inches,  set  46  inches  in 
the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  trian- 
gulation  tablet  marked  "U.  S.  Greological  Survey — Pennsylvania." 

[Latitude 39'  51'  02.82.      Longitude  80^  10  14.90 ".] 


To  station- 


Call.... 
Haghes 
Morris. 


Azimuth. 


89  04  36.7 
170  36  15.8 
249  24  58. 1 


Back  azimath. 

Loff.  distance. 

O                  1                II 

Metert. 

268  59  33. 8 

4. 0507482 

350  35  28. 6 

4.0296854 

69  27  10. 8 

8.7205630 

WEIR,  ALLE(iHENY  OOUNTY. 

On  a  hill  in  Sewiekley  Township,  about  3  miles  north  of  Sewickley 
depot  and  3  miles  southeast  of  Economy;  northwest  of  point  of  road 
called  the  "Three  mile  post,"  at  the  head  of  Turkey  Run,  on  land 
owned  by  James  F.  Weir;  10  feet  south  of  an  east  and  west  fence. 

Station  mark :  A  sandstone  post  40  by  8  by  8  inches,  set  36  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze 
tablet  marked  *'U.  S.  Geological  Survey — Pennsylvania." 

[Latitude  40"  85'  19.45  '.     Longitude  80    10  21.45  '.] 


To  station— 

Azimuth. 

Back  azimath. 

of                  II 

222  41  52.7 
290  47  55. 1 
350  46  41.6 
129  06  28.3 
173  11  33.3 

Log.  distance. 

T)i<?1rqoT>     .                ... 

e            1           II 

42  46  12.4 
110  53  26.0 
170  47  47. 7 
309  00  30. 5 
35:3  10  40. 1 

Meters, 
4. 1415238 

Bunker  Hill 

4.1068604 

Big  Knob 

Green  tree 

4. 1726934 
4.2222866 

Union  U.  P.  Church 

4.2101067 

CANON8BURG,  WASHlNCiTON   CH)UNTY. 

In  North  Strabone  Township,  in  a  cultivated  field  at  summit  of  high 
knob,  1  mile  S.  15°  E.  of  Canonsburg  and  in  view  of  the  town,  on  land 
owned  by  Mr.  James  Hanna,  who  lives  on  east  side  of  hill,  at  a  road 
fork. 

Station  mark :  A  sandstone  post  31  by  7  by  7  inches,  sunk  31  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tri- 
angulatiou  tablet  marked  *'U.  S.  Geological  Survey — Pennsylvania." 
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[Latitude  40'  14'  40.51' .    Longitude  80"  10'  51.20 '.] 


To  station— 

Azimuth. 

Back  azimuth. 

Q                 1                 II 

202  28  40.8 

230  10  19.6 

257  59  04. I 

343  09  24.7 

14  35  39.2 

46  20  22. 0 

87  29  40.3 

151  42  44.5 

Log.  distance. 

Monnt  Wheeler                    

O               t                 II 

22  31  03.0 
50  18  45. 5 
78  04  35. 4 
163  11  12.3 
194  34  17.5 
226  14  17. 1 
267  20  47.3 
331  38  29.5 

Metert, 
4. 1345757 

Claysville .. 

4.3826975 

Garrett 

4.0938008 

McDonald 

Hickman 

4. 1326119 
4.0787268 

Shannon 

Pollock 

Hillsboro 

4.2656474 
4.2904188 
4.2949237 

HIKJHKS,    (iREENE   COUNTY. 

On  a  hill  covered  willi  an  orchard  of  8iiiall  poach  trees,  about  4 
miles  north  of  Waynesburg,  owned  by  the  Hughes  estate. 

Station  mark:  A  marble  i)ost,  30  by  8  by  8  inches,  set  36  inches  in 
the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  trian- 
gnlation  tablet  marked  **  U.  S.  Geological  Survey — Pennsylvania." 

[Latitude  39   56  45.33".     Longitude  80"  11'  28.53'.] 


To  station— 

Azimuth. 

Back  azimuth. 

Log.  distance. 

Call ... 

Union . 

41  26  18.6 
141  03  49.6 
212  57  42.6 
283  56  38.3 
323  34  23. 6 
350  35  28. 6 

:>             1             II 

221  22  ^.  6 
321  02  06. 5 
33  02  20.9 
104  02  35.8 
142  37  23. 6 
170  36  15.8 

Meter: 
4.1564204 

3.7827879 

4.2751190 

Jeflerson. .... .-..-. ..... 

4. 1344974 

Morris 

Shriver 

4.0403635 
4.0296854 

BKi  KNOB,  HEAVEll  COUNTY. 

Near  the  nortli  end  of  summit  and  about  40  feet  south  of  an  east 
and  west  rail  fence,  on  a  prominent,  partly  timbered  hill  known 
locally  as  the  "Big  Knob,"  in  Sewickley  Township,  on  land  owned 
by  Joseph  Powell,  who  lives  at  south  end  of  knob;  4  miles  northeast 
of  Freedom,  C  miles  east  of  Rochester,  and  7^  miles  east  of  Beaver 
court-house. 

Theodolite  elevated  30  feet. 

Station  mark :  A  sandstone  post,  36  by  8  by  8  inches,  -set  34  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze 
tablet  marked  "U.  S.  Geological  Survey — Pennsylvania. 
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[Latitude  40"  43'  15.73".    Longitude  80"  12'  02.8r'.] 


To  station— 

Azimuth. 

Back  Bximiitli. 

Log.  dlstaaoe. 

Bunker  Hill 

e           /           « 

43  20  47.5 

83  55  01.0 

109  42  02. 6 

143  47  07. 7 

350  46  41.6 

O                 t                U 

223  16  22.2 
263  47  05.7 
289  a5  24.5 
323  43  30.5 
170  47  47. 7 

4. 1441156 

Dawson ..-               ..- 

4.2355940 

Gilliland.... 
Walker 

-          ...                _.        _..-. 

4  1816755 
4.1204228 

Weir 

4.1726934 

m'donaij),  washincjton  county. 

In  a  past  lire  at  tlie  highest  jioiiit  of  a  liill  \  mile  south  of  McDonald, 
on  land  owne<l  by  Mr.  William  F.  Wood,  who  lives  on  the  southeast 
side  of  hill. 

Station  mark:  A  sandstone  i)ost  31  by  7  by  7  inches,  .set  bb  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tri- 
angulation  tablet  marked  *'  U.  S.  Geological  Survey — Pennsylvania." 

Reference  marks:  A  large  l)lack-oak  line  tree  at  the  north  boundary 
fence,  275  feet  distant.  A  large  white-oak  line  tree  at  the  west 
boundary  fence,  303  feet  distant. 

[Latitude  40   21'  41.66".    Longitude  80    18  37.56".] 


To  station— 


Garrett 

Dickson 

Union  U.  P.  Church 

Shannon 

Hickman 

Canonsburg 


Aximath. 


n 


27  46  53.9 
162  21  09.3 
215  40  45.6 
270  46  02. 6 
282  23  45.3 
343  09  24.7 


Back  azimuth. 


207  43  09.8 
342  18  57.4 
35  43  45.7 
90  53  55.8 
102  26  54. 8 
163  11  12.3 


Lofl:.  distance. 


Meten. 
4.2450948 
4.1985263 
4.0503085 
4.2365717 
3. 8495728 
4. 1326119 


UNION,  GREENE  COUNTY. 


In  a  pasture  on  a  prominent  hill  0  miles  north-northwest  from 
Waynesburg  and  1^  miles  cast  of  West  Union. 

Station  mark:  A  sandstone  post  48  by  8  b}'  8  inches,  set  48  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tri- 
angulation  tablet  marked  *'  U.  S.  Geological  Survey — Pennsylvania." 
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[Latitude  39"  59'  18.24' .     Longitude  80'^  14'  19.16  '.] 


To  station- 

Azimuth. 

Back  azimath. 

Log.  distance. 

Call 

O           r              n 

20  07  40. 7 
51  46  11.3 
73  20  36. 0 
178  04  16. 4 
231  42  26.5 
295  07  32. 4 
321  02  06.5 

C           '             " 

200  05  07. 7 
231  40  06.0 
253  14  48.2 
358  04  01.9 
51  48  48. 2 
115  15  13.2 
141  03  49.6 

Metert. 
4.1355279 

Bristoria 

Tinift 

4.2357775 
4. 1275671 

Wheeler 

Hillsboro 

4.2002916 
4. 2531028 

Jefferson  _ 

Hughes 

4. 2747811 
3.7827879 

WHEELKR,  WASHIN(JT()X    COUNTY. 

Oil  ii  Sparsely  liinbenMl  hill,  -l  luilos  south  of  Washiiij^l^m,  on  land 
of  William  Coiirsoii,  who  lives  at  north  base  of  hill. 

Station  mark:  A  marble  post  38  by  (>  by  6  inches,  set  34  inches  in  the 
j^round,  in  the  center  of  top  of  which  is  cemented  a  bronze  triangula- 
tion  tablet  marked  *'U.  S.  Geological  Survey — Pennsylvania." 

iLatitiide  40^  07'  52.16  ".     Loiigitude  80"  14'  31.71".! 


To  station— 


Azimnth. 


Claysville . . 

Garrett 

Canonsbarg 
Pollock  ... 
Hillsboro  .. 
Union 


78  01  54.2 
145  24  29. 4 
202  28  40.8 
241  19  25. 7 
288  02  07. 1 
358  04  01.9 


Rack  azimuth. 


257  55  51.0 
325  21  20.7 
22  31  03.0 
61  30  40.4 
108  08  43.9 
178  04  16.4 


Log.  distance. 

Meters. 
4. 1850995 

4.0856664 

4. 1345757 

4. 4496631 

4. 1859700 

4.2002916 


DK^KSON,  ALLK(iHKNY    COrNTY. 

On  a  hill  in  Findlay  Township,  1  mile  uortlieast  of  Clinton,  on  land 
owned  bv  Prof.  James  Dickson. 

Station  mark:  A  sandstone  jmst  40  l)y  8  by  8  inches,  set  36  inches 
in  the  ground,  in  center  of  top  of  which  is  cemented  a  bronze  tablet 
marked  **U.  S.  Geological  Survey — Pennsylvania." 
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[Latitude  40'  29'  49.59' .    Longitude  80   17'  00.90".  ] 


To  Htatlon— 

Azimuth. 

0            1            II 

135  46  56.7 
170  08  04. 4 
222  41  52.7 
270  46  45. 3 
297  84  52.5 
842  18  57. 4 

Back  azimuth. 

Lofl:.  distance. 

McGleary  .. 
Bunker  Hill 

-   

O             1             II 

315  41  54.9 
a50  06  58.6 
42  46  12.4 
90  57  02.2 
117  40  04.8 
162  21  09.8 

Metert, 
4.1945450 

4. 1745591 

•Weir    .... 

4. 1416223 

Ghreentree.. __  -_. 

4.3497228 

Union  U.  P. 
McDonald  . 

Church 

4. 1070426 
4.1985263 

WALKER,    BEAVER   COUNTY. 

On  a  flat,  cultivated  ridge  in  North  Sewiekley  Township,  5  miles 
northeast  of  Beaver  Falls,  on  land  owned  by  Robert  L.  Walker. 

Station  mark:  A  sandstone  post  40  by  8  by  8  inches,  set  36  inches 
in  the  jj^round,  in  the  center  of  top  of  which  is  cement-ed  a  bronze  tab- 
let marked  **U.  S.  Greological  Survey — Pennsylvania." 

[Latitude,  40^  40  00.74".     Longitude,  80    17'  35.52 ".] 


To  station— 


Azimath. 


GiUiland . 
Jordan... 
Big  Knob 


111  54  15.1 
328  43  80.5 


Back  azimath. 

Log.  distance. 

Off 

Meier: 

229  34  02.4 

8.9818049 

291  5.  25.0 

8. 8175600 

143  47  07.7 

4.1204228 

CALL,    GREENE   COUNTY. 

On  a  cleared  hill  alK)ut  3  niiles  soutliwest  of  Rogersville,  on  land 
owned  bv  Robert  Call. 

Station  mark :  A  marble  post  48  by  8  by  8  inches,  set  48  inches  in  the 
ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  triangula- 
tion  tablet  marked  *'U.  S.  Geological  Survey — Pennsylvania." 

[Latitude,  39"  50  56.68  .    Longitude.  80°  18'  07.61".] 


To  station— 


Oak 

Bristoria 

Time 

Union  -. 
Hughes  . 
Shriver  . 


Azimuth. 

o  /  " 

50  45  12.3 
121  29  33.0 
148  14  24.8 
200  05  07. 7 
221  22  02. 6 
268  59  33.8 


Back  azimnth. 


Lopr.  distance. 


236  41  05.8 

301  26  01.1 

328  11  10.5 

20  07  40. 7 

41  26  18.6 

89  04  36. 7 


Meters. 

4.0408119 

8.9642757 
4.1355279 
4. 2167757 
4.1564204 
4.0507482 
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BUNKER  HILL,  BEAVER  COUNTY. 

On  the  highest  point  of  a  cleared  hill  in  Moon  Township,  one-half 
mile  south  of  Shaffer  post-office  and  6  miles  south  of  Beaver;  200  yards 
south  of  Bunker  Hill  schoolhouse,  on  land  owned  by  the  Misses  Good. 

Station  mark:  A  sandstone  post  36  by  6  by  0  inches,  set  34  inches 
in  the  i^n^und,  in  the  center  of  top  of  which  is  cemented  a  bronze 
tablet  marked  'MI.  S.  Geologic^al  Survey — Pennsylvania." 

[Latitude  40'  37  47. (Kr.     Longitude  80*"  18  49,87".] 


To  station  — 


McCleary 
Dawson.. 
Big  Knob 
Weir  .... 
Dickson.. 


Azimuth. 

Hack  asimnth. 

Loff.  distance. 

O                1                n 

•*       /       It 

Meter: 

67  11  43.7 

247  07  52.4 

3. 9571782 

137  42  41.4 

317  89  11.8 

4.0500887 

223  16  22.2 

43  20  47.5 

4. 1441156 

290  47  55. 1 

110  53  26.0 

4.1068604 

350  06  53. 6 

170  08  04. 4 

4. 1745591 

(iARRKTT,  WASHINGTON   COUNTY. 

In  a  cleared  field  owned  by  J.  C.  Garrett,  3  miles  east  of  Buffalo 
Village  and  5  miles  northwest  of  Washington  on  the  hill  road  to 
Hickory. 

Station  mark:  A  marble  post  38  by  ()  by  6  inches,  set  35  inches  in 
tlie  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  trian- 
gulation  tablet  marked  "U.  S.  Geological  Survey — Pennsylvania." 

Reference  marks:  Wire  fence,  west  113  feet.  Large  walnut  tree 
N.  340  30'  W.,  433  feet. 

[Latitude  40"  13  17.16' .     Longitude  80**  10'  24.18 '.] 


To  station— 


ClayByine 

West  Liberty  .. 
West  Middleton 

McDonald 

Cancmsburg 

Mount  Wheeler 


Aziinath. 


II 


Back  azimuth. 


Log.  distance. 


26  32  81.5 
79  22  34.7 
103  12  36.6 
207  43  09.8 
257  59  04. 1 
325  21  20.7 


a            1           II 

Meten. 

206  29  86.5 

4. 1577265 

259  11  49.0 

4.8816589 

283  07  53.7 

4.0266996 

27  46*53.9 

4.2450948 

78  04  35.4 

4.0933008 

145  24  29.4 

4.0a56664 

JORDAN,  BEAVER   COUNTY. 

On  a  cultivated  ridge  in  Big  Beaver  Township,  on  land  owned  by 
Sam  Marshall,  who  lives  on  northwest  side  of  ridge,  75  yards  from 
station/ 
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Station  mark:  A  sandstone  post  40  by  7  by  7  inclies,  set  36  inches  • 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tab- 
let marked  "U.  S.  Geological  Survey — Pennsylvania." 

[Latitude  40"  60'  2ai2  .     Longitude  80^  21'  55.70 ".] 


To  station— 


GiUiland 
Walker  . 


Azimuth. 


Back  azimath. 


2  52  26.6 
291  51  25.0 


IjOff.  dlstaxaoe. 


O                  1                  ll 

Meter: 

1S2  52  15.4 

3. 9026731 

111  54  15.1 

3.8175600 

GILLILAND,  BKAVER  COUNTY. 

On  H  cleared  hill  4  miles  west  of  Beaver  Falls,  on  land  owned  by 
Sarah  J.  GiUiland. 

Theodolite  elevated  33  feet. 

Station  mark:  A  sandstone  post  42  by  7  by  7  inches,  set  38  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tab- 
let marked  **U.  S.  Geological  Survey — Pennsylvania." 

[Latitude  40°  46  01.35' .     Longritude  80"  22'  12.78".] 


To  station- 


Da  WBOn  . . 

Jordan . . . 
Walker  . . 
Big  Knob 


Azimath. 


21  51  14.9 
182  52  15. 4 
220  34  02.4 
289  3.J  24.5 


Back  azimath.     Log.  'iMaiK^. 


201  49  57.4 

2  52  26.6 

49  37  03. 5 

109  42  02.6 


MeierB. 
3.8743981 
3. 9026731 
3. 9313049 
4. 1816755 


TIME,  OREKNE   (U)UNTY. 

In  H  pasture  owned  by  the  Miller  estate,  on  a  cleared  knob  2|  miles 
north  of  Graysville  and  1  mile  west  of  Time  post-office. 

Station  mark :  A  marble  post  48  by  8  by  8  inches,  set  48  inches  in 
the  ground,  in  the  center  of  top  of  whicli  is  cemented  a  bronze  trian- 
gulation  tablet  marked  "  V.  S.  Geological  Survey — Pennsylvania." 

[Latitude  3il    57   13.2a  .     Longitude  80"  23'  10.56  ".] 


To  station— 


Bristoria 

Rock  Lick 

Wilsona  Knob 

Union 

Call 


Azimuth. 


Back  azimuth. 


5  30  19.2 

51  55  51.4 

111  17  45.4 

253  14  48.2 

328  11  10.5 


185  30  01.5 
231  50  19.0 
291  10  43.8 
73  20  36.0 
148  14  24.8 


Lofl:.  distance. 


Meters. 
3.8848950 

4.1943297 

4.2228433 

4. 1275671 

4.1355279 
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BRI8TORIA,  GKEENE    COUNTY. 

On  A  dome-shaped  hill  2  miles  noilh  of  Bristoria  and  14  miles  west 
of  Waynesburg,  in  a  pasture  owned  by  the  Isenminger  estate,  about 
5(X)  feet  north  of  a  public  road. 

Station  mark:  A  marble  post  48  by  8  by  8  inches,  set  4S  inches  in 
the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  trian- 
gulation  tablet  marked  **  U.  S.  Geological  Survey — Pennsylvania." 

[Latitude  30^  5.T  32.55  '.     Longitude  80"  23'  88. 1».] 


ToHtAtiou- 


Azimuth. 


Back  azimuth.  I  Tx>g.  diRtance. 


Oak...- I  6  54  2«.4 

RockLick 76  18  21.5 

WilsonKnob... 130  4S  17.3 

Time |  185  30  01.5 

Union 231  40  0<J.O 

Call 30120  01.1 


186  53  51. 1 
256  13  07.0 
310  41  33.7 
5  30  19.2 
51  40  11.3 
121  29  :w.o 


Meter*. 

4. 0377279 
4. 0791963 
4.2943978 
3.8348950 
4. 2357775 
3.9642757 


CJLAYSVILLK,    WASHINGTON   COUNTY. 

On  a  cone-shai)ed  hill  1  mile  south  of  (laysville,  on  cultivakMl  land 
belonging  to  Mr.  J.  Hosier. 

Station  mark :  A  marble  jwst  38  by  G  by  G  inches,  set  34  inches  in 
the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  trian- 
gulation  tablet  marked  **U.  S.  Geological  Survey — Pennsylvania." 

Reference  marks:  Double  chestnut  tree,  south,  72  feet.  Apple 
tree,  east,  80  feet. 

[Latltnde  40^  06'  20.01  .     Longitnde  80'  2iV  55.46".] 


To  Htation- 


West  Liberty 


Azimuth.  Back  aziiiintb.  ■  Log.  distance. 


115  59  25.6 


Independence I     143  11  59.2 

West  Middleton 

Garrett 

Canonsbarg   

Moont  Wheeler 


165  32  56. 6 
206  29  36.5 
230  10  19.6 
257  55  51.0 


295  51  35. 6 

323  06  27. 6 

345  31  09. 1 

20  32  31.5 

50  18  45.5 

78  01  54.2 


Meters. 

4.2880743 
4. 3069361 
4. 1983776 
4. 1577265 
4.3826975 
4.1350995 


DAWSON,    BEAVKR  COUNTY. 

Seventy  yards  west  of  a  brick  schoolhouse,  on  a  cleared  knob  in 
western  part  of  Brighton  Township,  5  miles  west  of  Heaver;  near  forks 
of  road  and  on  land  owned  l)y  (4.  W.  Dawson,  of  i3eaver. 
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Station  iimrk:  A  sHndstone  post  38  by  7  by  7  inches,  set  34  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tablet 
marked  **U.  S.  Geological  Survey — Pennsylvania." 

[Latitnde  40'  42  16.02  .     I^ngitnde  80   34'  11.58".] 


To  Htation- 


McCleary  . . . 
Gilliland ... 
Big  Knob  . . 
Bunker  Hill 


Azimuth. 

II        >        II 

3  49  22.4 

201  49  57.4 

263  47  05. 7 

317  39  11.8 


Bank  azimuth. 


183  49  00.5  \ 
21  51  14.9  : 
83  55  01.0  ; 

137  42  41.5  I 


Jjog.  distanoe. 


Meters. 
4. 0738912 

3. 8748961 

4.3855940 

4.0500887 


OAK,    GRKENK   CM)UNTy. 

On  a  high  cleared  hill  1  mile  south  of  Centennial  Church,  3  miles 
south  of  Higley,  and  6  miles  south  of  Bristoria,  on  land  owned  by  Dr. 
S.  T.  Williams. 

Station  mark:  The  lone  signal  tree  on  highest  point  of  hill. 

[Latitude  39   47'  41.45  ".     Longitude  80^  24'  33.31".] 


To  station— 

Azimuth. 

Rock  Lick 

127  39  19.7 

Bristoria 

186  53  51.1 

Call 

236  41  05.3 

ft 


307  34  40.8 

6  54  26.4 

56  45  12. 3 


Log.diatance. 


Meters, 
4.1163833 
4.0877279 
4. 04081 19 


m'cleary,  beaver  county. 

On  a  hill  in  Raccoon  Township  1  mile  southwest  of  JVIcCleary  post- 
office,  on  land  owned  b}'  A.  L.  Moore.  Summit  of  hill  has  a  few  trees 
on  its  western  side. 

Station  mark:  A  sandstone  post  38  by  8  by  8  inches,  set  36  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tab- 
let marked  **  U.  S.  Geological  Survey — Pennsylvania." 

ILatitude  40   35  52.99  .     Longitude  80"  24'  45.11".] 


To  station— 


Dawson 

Bunker  Hill 
Dickson 


Azimuth. 

Back  azimuth. 

Loff.  distance. 

tl                 t                 n 

183  49  00.5 
247  07  52.4 
315  41  54.9 

O                  1                  II 

3  49  32.4 

67  11  48.7 

135  46  56.7 

Meters. 
4. 0788912 

3. 9571732 

4.1945450 
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CROSS  CREEK,  WASHINGTON  COUNTY. 

On  pastni*e  land  belonging  to  Mr.  Hugh  Lee,  one-fourth  mile  south- 
west of  Cross  Creek  Village.  The  north  side  of  the  hill  is  timbered. 
The  property  is  leased  by  Mr.  B.  S.  Stiffler. 

Station  mark :  A  marble  post  38  by  6  by  6  inches,  set  34  inches  in 
the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  trian- 
gulation  tablet  marked  **IT.  S.  Geological  Survey — Pennsylvania." 

Reference  marks :  Fene^,  north,  85.5  feet.  Chisel  mark  on  rock  out- 
ci'op,  east,  76.2  feet. 

[Latitude  40^  19'  22.50".     Longitude  80^  25'  08.80  ".] 


To  station- 

Azimuth. 

O                1               II 

14  00  35. 4 
52  47  51.5 

Back  azimuth. 

IjQg.  distance. 

West  Middleton 

Independence ..  .    .  ...   

O                1               II 

198  59  35. 1 
282  43  06.7 

Meters. 
3. 9598141 

4.1163188 

WEST  MIDDLETON,    WASHINGTON   COUNTY. 

On  the  highest  point  of  a  partly  cleared  hill  1  mile  west  of  West 
Middleton  on  the  road  to  Wellsburg,  W.  Va.,  and  on  land  owned  by 
Robert  D.  Craig,  who  lives  due  north  of  station. 

Station  mark:  A  marble  post  38  by  6  by  6  inches,  set  34  inches  in 
the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  trian- 
gulation  tablet  marked  "U.  S.  Geological  Survey — Pennsylvania." 

[Latitude  40    14  35.72  '.    Longitude  80^  26'  42.16".] 


To  station- 


West  Liberty 
Independence 
Croes  Creek  . . 
Garrett 

Claysville 


Azimuth. 


II 


62  37  50.9 

96  31  51.9 

193  59  35. 1 

283  07  53.7 

345  31  09. 1 


Back  azimuth. 


242  31  47. 8 
276  28  07.6 
14  00  35.4 
103  13  36.7 
165  32  56.6 


Log.  distance. 

Meters. 
4.1755802 

3.9168898 

3. 9398141 

4.0266996 

4. 1988776 


SHITH  PERRY,    BEAVER  COUNTY. 

An  astronomic  station  of  the  United  States  Coast  and  Goedetic 
Survey,  situated  on  the  north  bank  of  the  Ohio  River  in  front  of  the 
hotel  at  Smith  Ferry. 
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[Latitude  40 '  88'  48. 07".    LoDg:itade  80*^  80'  05. 06". J 


To  station— 


Aximath. 


Back  azimuth. 


II 


Graveyard 
Island 


1  00  27.20     181  00  26.70 
59  02  52.20  I  239  01  44.40 


Loif.  distance. 

Metert. 

8. 0124143 

3.4552858 


Meridian  Marks. 
WASHINGTON,    WASHINGTON   COUNTY. 

Location  of  station :  A  few  feet  north  of  sidewalk,  on  the  south  side 
of  and  near  the  southwest  corner  of  the  campus  of  Washington  and 
Jefferson  College. 

Station  mark:  A  sandstone  post  48  by  12  by  12  inches,  set  about  40 
inches  in  the  ground,  in  the  center  of  top  of  which  is  cemented  a 
bronze  meridian  tablet. 

Distant  mark :  North  of  station  482  feet ;  a  sandstone  post  about 
48  by  12  by  12  inches,  set  about  36  inches  in  the  ground,  in  the  center 
of  top  of  which  is  cemented  a  bninze  meridian  tablet. 

MARYLAND. 
Tnangulation  Stations. 

Three  primary  stations  were  established  in  1899  in  Garrett  and 
Washington  counties  by  Mr.  Sledge  Tatum,  in  conjunction  with  the 
extension  of  the  work  into  West  Virginia  and  Pennsylvania. 

ROMAN   NOSK,  (JARRETT   COUNTY. 

On  a  long  ridge  of  same  name,  5  miles  air-line  distance  northeast 
of  Oakland,  on  a  narrow  backbone  about  30  feet  lower  than  flat  sum- 
mit one-half  mile  southwest.  Theodolite  elevated  16  feet  on  stump 
of  tree,  and  lines  of  sight  cut  through  timber  to  other  signals. 

Station  mark:  Stump  of  tree. 

[Latitude  39^  28'  47.90".     Longitude  79    22'  1'*.59".] 


To  Htation— 


Piney  Swamp 
Accident..  . . 
High  Rock  . . . 


Azimuth. 

Back  azimnttu 

Loflf.  distance. 

O                 1                II 

125  30  37. 5 
202  20  36. 5 
253  00  44.8 

O                 1                II 

305  25  13.3 
22  23  83.6 
73  11  12.9 

Meters. 
4.1744346 

4.2416865 

4.3921308 

QUIRAUK. 

On  line  between  Frederick  and  Wa^^hington  counties,  about  2  miles 
south  of  Penmar,  Pa.,  and  about  2  miles  southeast  of  Blue  Mountain, 
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Maryland.  On  highest  point  of  mountain  locall}'  known  by  same 
name. 

Theodolite  elevated  on  an  iron  observation  tower  84  feet. 

Station  mark:  A  bronze  tablet  marked  *'  U.  S.  Geological  Survey — 
Pennsylvania,"  countersunk  in  a  dressed  stone  4  feet  long  and  10 
inches  squai'e,  set  flush  with  top  of  ground  under  center  of  tower. 

[Latitude  39   41'  47.92".     Lonjcitude  77   30'  45.72".] 


To  station - 


Azimuth. 


Lookout 

Martin 

Fairview 

Parnell 


■I 


19  48  57. 1  1 
75  49  48.7 
83  35  58. 1 
129  18  20.6 


Chambersburg 154  39  25.8       334  33  43.9 


Back  azimuth. 

Log.  diHtanoe. 

o            >            /r 

Meter». 

199  44  32.5 

4.4668829 

255  41  01.2 

4. 3078569 

263  18  22. 7 

4.5962555 

309  04  53.8 

4.5874498 

334  33  43.9 

4. 4715180 

MARTIN,  WASHINGTON   COUNTY. 

Abont  one-half  mile  northwest  of  Hagerstown  and  1,000  feet  north 
of  National  pike,  on  high  ground,  in  cleared  field  owned  by  Nicholas 
Mailin. 

Station  mark:  A  copper  bolt  cemented  in  solid  rock,  under  center 

of  signal. 

[Latitude  39''  39'  05.84".    Longitude  77^  44'  31.97' .] 


To  station— 

Azimuth. 

Back  azimuth. 

Log.  distance. 

Fairview. 

O          /               ti 

91  32  00. 1 
255  41  01.2 
336  28  18. 0 
160  42  52. 2 

O           /                II 

271  23  17.5 

75  49  48.7 

156  32  39.7 

340  38  14. 6 

Meters. 

4.2907580 

Quirank ____     __ 

4.3078568 

Lookout  . 

4.8911174 

Parnell  .... 

4. 4941249 

I 

WEST  VIRGINIA. 

Triangulation  Stations. 

In  conjunction  with  the  extension  of  primary  triangulation  into 
Pennsylvania  in  1899,  Mr.  Sledge  Tatum,  topographer,  established 
six  stations  in  Preston  and  Monongalia  counties,  and  during  the  sea- 
son of  1900  Mr.  W.  T.  Griswold,  topographer,  established  nine  stations 
in  Marshall,  Ohio,  Brooke,  and  Hancock  counties,  while  engaged  in 
the  extension  of  triangulation  from  Gnn^ne  County,  Pa.,  into  eastern 
Ohio. 

PINEY   SWAMP,  PRESTON   CX)UNTY. 

About  1  mile  northwest  of  Cranesville,  on  Piney  Swamp  Knob. 
Station  mark:  A  stone  post  30  by  12  by  12  inches,  set  flush  with 
8ur£aoe  of  ground,  in  center  of  top  of  which  is  cemented  a  copper  bolt. 
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[Latitude  89'  88-  29.08 '.    Longitude  79'  80'  47.10 '.J 


ToBtAtion- 


Reed 

Wymp 

KeUey 

Mellon .... 

Accident 

Roman  Noee 


Azimuth. 

Back  Bximath. 

Log.  dfiit«no» 

e       /           /' 

•       /          u 

MeUrt. 

104  54  86.5 

284  42  51.1 

4.4865044 

129  82  53.4 

809  28  28.6 

4. 4407570 

150  80  10.5 

880  28  17.6 

19384680 

185  28  58.8 

5  29  47.8 

4. 8198719 

248  16  18. 1 

68  24  40.0 

4.8057954 

805  25  13.8 

125  80  87.5 

4.1744346 

KELLEY,  PRESTON   COUNTY. 

On  a  bald  knob  locally  known  by  same  name,  about  0  miles  south 
of  Brandon ville,  Pa.,  and  8  miles  north  of  Cranesville,  W.  Va. 

Station  mark:  A  copper  bolt  cemented  in  a  stone  post  36  by  12  by  12 
inches,  set  flush  with  surface  of  ground. 

[Latitude  39**  37'  31.18".    Longitude  79**  38'  44.28".] 


To  station— 


Wymp 

Pondfield  .... 

Mellon 

Piney  Swamp 


Aslmnth. 

Back  azimnth. 

O               «              M 

O               #               #f 

M^ier*. 

120  36  35.7 

300  28  58.6 

4.2970427 

145  86  58.1 

325  81  36.8 

4.3261887 

204  59  31.0 

25  02  17.6 

4.1674860 

330  28  17. 6 

150  30  10.5 

8.9884680 

WYMP   GAP,  MONONGALIA  COUNTY. 

On  high  summit  1  mile  southwest  of  Wymp  Gap,  in  Chestnut  Ridge, 
about  9  miles  air-line  distance  northeast  of  Morgantown,  W.  Va., 
and  16  miles  south  of  Union  town.  Pa. 

Station  mark:  A  stone  post  36  by  12  by  12  inches,  set  flush  with 
surface  of  ground,  in  the  center  of  top  of  which  is  cemented  a  copper 
bolt. 

[Latitude  39*^  42'  57.71".    Longitude  79**  45'  40.28".] 


To  station- 


Reed 

Waters 

St.  Clair 

Morley 

Pondtield  .... 

Mellon 

Kelley 

Piney  Swamp 


Azimuth. 


Back  azimnth. 


25  47 

54  18 

78  48 

94  13 

214  28 

261  57 

300  28 

309  23 


12.2 
28.5 
54.2 
55.6 
09.0 
14.8 
58.6 
23.6 


It 


205  44 
234  08 
258  42 
274  08 
34  25 
82  07 
120  36 
129  82 


55.7 
48.4 
43.2 
51.4 
25.8 
89.8 
85.7 
58.4 


Log.  distance. 


MtUtt, 
4.0688994 

4.4968308 

4. 1494819 

4.8586430 

8.9582404 

4.8709214 

4.2970427 

4.4407670 
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REED,  MONONGALIA  COUNTY. 

On  a  high  summit  of  Chestnut  Ridge,  in  a  dear  field,  about  9  miles 
southeast  of  Moi*gantowii  and  1  mile  west  of  Cheat  River,  on  land 
owned  by  James  Reed. 

Station  mark:  A  copper  bolt  cemented  in  solid  rock. 

[Latitude  39^  37'  15.52".     Longitnde  79   49'  14.01".] 


To  station^ 


Azimath. 


Baqk  azimath. 


II 


73  05  08. 2 
125  00  48. 8 
131  45  51.4 


Waters 

Morley 

St  Clair 

Wymp 205  44  55.7 

268  40  25.8 
284  42  51. 1 


Kelley 

Piney  Swamp 


252  57  44. 9 
304  53  01.7 
311  41  57.2 
25  47  12.2 
88  50  18. 7 
104  54  36. 5 


Loif .  distance. 
Meter». 

4.2392948 
4.3278802 
4. 0691348 
4.0688994 
4. 8459915 
4.4365044 


ST.   CaiAIR,  MONONGALIA    COUNTY. 

In  a  pasture  on  a  bald  hill  owned  by  Mr.  K.  H.  St.  Clair,  about  4 
miles  northeast  of  Morgantown  and  1^  miles  south  of  Stewarttown. 

Station  mark:  A  bronze  tablet  countersunk  and  cemented  in  a 
dressed  stone,  ^2  by  12  by  12  inches,  set  flush  with  surface  of  ground. 

[Latitude  39   41  28.58  .     Longitude  79   55'  21.04."] 


To  station— 

Azimuth. 

Back  azimuth. 

Log.  dlHtanc^e. 

Waters 

O                 '                  II 

31  21  02.2 
116  48  34.2 
160  46  31.0 
190  00  37.0 
258  42  43.2 
311  41  57.2 

O               1                 tl 

211   17  32.7 
296  44  41.3 
340  43  59.6 
10  01  47. 4 
78  48  54. 2 
131  45  51.4 

Me  tern. 
4. 1780100 

Morley : 

Tnrkey ^ 

3. 9880410 
4. 2327348 

Faat 

4. 1777734 

Wymp 

4. 1494319 

Bead 

4.0691348 

WATERS,  MONONGALIA  COUNTY. 

On  a  cleared  knob  owned  by  Mr.  J.  S.  Waters,  about?  miles  south- 
west of  Morgantown,  and  1^  miles  north  of  Little  Falls. 

Station  mark:  A  stone  post  36  by  12  inches,  set  flush  with  surface  of 
ground,  in  the  center  of  the  top  of  which  is  cemented  a  copper  bolt. 
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[Latitude  89^  34'  31.27".     Ix)ng:itude  80   00'  49.45".] 


To  station— 


Morley. 
8t.  Clair 
Wymp- 
Reed.   . 


Azimuth. 


177  08  32.8 
211  17  32.7 
234  08  48. 4 
252  57  44.9 


Back  azimnth. 


#« 


357  07  59.2 
81  21  02.2 
54  18  28.5 
73  05  08.2 


Log.  distance. 

Meter*. 
4.3878975 
4. 1780100 
4.4268307 
4.2392948 


WILSONS   KNOB,  MARSHALL   COUNTY. 

Situated  in  Saiul  Hill  district,  on  the  farm  of  Mr.  G.  H.  Wilson, 
near  the  line  fence  between  the  lands  of  Mr.  Wilson  and  Mr.  Howard, 
whei'e  fence  crosses  summit  of  hill.  The  Moiindsville  and  Washing- 
ton pike  passes  over  north  side  of  hill. 

Station  mark:  A  cut  marble  post  48  by  ♦>  by  0  inches,  set  40  inches 
in  the  ground,  in  center  of  top  of  which  is  cemented  a  bronze  triangu- 
lation  tablet. 

[Latitude  40^  00'  29.42  .     Longitude  m^  34'  06.77  .  ] 


To  station- 

Azimuth. 

Back  azimath. 

1 
Log.  distance. 

Time  

Bristoria 

o             /             // 

291  10  43.8 
310  41  33.7 
348  12  04.9 

O              »               II 

111  17  45.4 
130  48  17.3 
168  18  88.5 

Meters, 
4.2228483 

4.2943973 

Bocklick 

4.2053434 

ROCKLICK,  MARSHALL   COUNTY. 

Situated  on  a  bare  hill  one-half  mile  south  of  the  town  of  Rocklick, 
W.  Va.     A  county  road  passes  on  north  side  of  hill. 

Station  mark :  A  cut  marble  post  48  by  6  by  6  inches,  set  36  inches 
in  the  ground,  in  center  of  top  of  which  is  cemented  a  bronze  triangu- 
lation  tablet. 

[Latitude  39   52  00.15  .     Longitude  SO'^  31'  48.78  ".J 


To  station — 


Wilsons  Knob 

Time 

Bristoria 

OaJ£ 


Azimath. 

Back  azimuth. 

Log.  di8tanc*e. 

o            <             // 

0               '                /' 

Meters. 

168  18  38.5 

848  12  04.9 

4.3058434 

231  50  19.0 

51  55  51.4 

4.1948297 

256  13  07.0 

76  18  21.5 

4. 0791963 

307  34  40. 8 

127  39  19.7 

4.1168832 
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WEST  ALEXANDER,  OHIO  COUNTY. 

(Secoiidarj'^  station.) 

Situated  on  a  hill  1  mile  west  of  the  town  of  West  Alexander,  Pa. 

Station  mark:  A  cut  marble  i)08t  40  by  6  by  6  inches,  set  36  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tri- 
jtngulation  tablet. 

Reference  marks:  A  maple  tree  2  feet  in  diameter  bears  N.  85°  56' 
W.,  distance  72.1  feet;  a  butternut  tree  10  inches  in  diameter  bears 
S.  52°  25'  E.,  distance  15  feet. 

[Latitnde  40   05'  48.62' .     Longitude  80^  31'  41.59".] 


To  station— 

Azimuth. 

Back  azimath. 

Log.  distance. 

W  ilnons  Knob 

O               1                    // 

19  15  19.31 
50  30  03. 08 

199  13  46.06 
2:^0  33  48. 15 

Meter». 
4. 0179782 

Sherrard 

4. 3531001 

INDEPENDENCE,  BROOKE   C'OUNTY. 

Situated  2  miles  southwest  of  the  village  of  Independence,  Pa.,  on 
a  grassy  hill  on  land  owned  by  Mr.  Gest.  There  is  a  small  bunch 
of  locust  trees  on  south  side  of  hill;  also  a  short  line  of  locust  trees 
on  east  side,  near  summit. 

Station  mark:  A  cut  marble  post  40  by  6  by  G  inches,  sunk  30 
inches  in  the  ground,  in  the  center  of  top  of  which  is  cemented  a 
bronze  triangulation  tablet. 

[Latitude  40    15'  06.03' .     Longitude  80^  33'  39.32".] 


To  station- 


Azimuth. 


33  01  43. 51 


Back  azimath.  i  lung,  distance. 


// 


313  59  33.54 


Weet  Liberty 

Mount  Pleasant 58  37  33.56  ■  31^  17  59.54 

New  Alexander  .     106  07  03.37     386  01  33.01 


Meters. 
3. 9704718 

4. 3988130 

4. 1183566 


ALLISON,  HANCOCK   (X)UNTY. 

Situated  3  miles  south  of  the  village  of  East  Liverpool,  on  a  cleared 
hill  on  land  owned  by  Mr.  Allison. 

Station  mark:  A  cut  marble  post  48  by  <>  by  G  inches,  sunk  36 
inches  in  the  ground,  in  the  center  of  top  of  which  is  cemented  a 
bronze  triangulation  tablet. 
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[Latitude  40"  85'  42.41  .    Longitude  80^  34'  01.89".] 


To  station— 

Azimuth. 

o                /                     '» 

89  54  31.77 
138  48  37. 93 
209  41  34.97 

Back  asimiith. 

Lo^.  distance. 

Elders 

O              0                 It 

269  48  49. 10 

818  44  80.76 

29  48  00.50 

Meten. 
4.8659427 

Hammond 

CJow  Pasture 

4.0918031 
8.7946464 

WEST  LIBERTY,  OHIO   COUNTY. 

Situate  one-half  mile  north  of  the  village  of  West  Liberty,  on  the 
highest  x>oint  of  a  bare  hill.  A  county  road  passes  along  east  side  of 
hill. 

Station  mark :  A  cut  marble  post  48  by  6  by  6  inches,  set  40  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze 
triangulation  tablet . 

[Latitnde40    10  52.03.     Longitude  80    36   04.55 ".] 


To  station— 

Azimuth. 

Back  azimath. 

Itog.  distance. 

Sherrard - 

0            '            /' 

20  00  34.66 

72  16  23.96 

147  07  42. 89 

212  59  23. 54 

O              '              " 

199  57  09. 72 

252  09  09. 19 

827  04  20.90 

38  01  42.51 

Sfeters. 

4.8487009 

Monnt  PlwMMiTit                  .  .             . 

4.2241846 

New  Alexander                    ...    . . 

4.1888984 

Independence 

3.9704718 

CLINTON,  OHIO   COUNTY. 

(Secondary  station,  not  occupied.) 

Lone  tree  at  intersection  of  fences  on  highest  point  of  hill  near 
Clinton  post-office. 

[Latitude  40   07'  13.93  ".     Longitude  80'  39  05.59  ".] 


To  station— 


Sherrard 
Myers . . . 


Wilsons  Knob l  330  21  55.03 


Azimuth. 

Back  azimuth. 

Log.distanoe. 

Q                  '                  fl 

0            /            // 

Meters. 

13  04  52. 84 

193  03  24.54 

4. 1578221 

44  17  52.96 

224  11  47.70 

4.2850889 

330  21  55.03 

150  25  05. 10 

4.1567300 

SHERRARD,  MARSHALL  COUNTY. 

Situated  1  mile  west  of  the  village  of  Sherrard  on  a  small  hill  in  a 
cleared  field  on  the  farm  of  Mr.  Joseph  Koty,  at  the  intersection  of 
the  Boggs  Bun  and  Ben  wood  roads. 
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Station  mark:  A  cut  inarbki  pOHt,  18  hy  (3  by  H  inches,  set  3G  inches 
in  the  ground,  in  the  cenUu*  of  top  of  whicli  is  cemented  a  lironze  tri- 
angulatioii  tablet. 

[Latitude  39^  59'  JW.TO  .     Longitude  80   41  32.81  .1 


To  Htation- 


Azimuth. 


RiggsKnob '     19  21  37.57 

Myers 9109  23.42 

Centennial 124  04  47.46 

9 

Mount  Pleasant 151  39  31.  M 

Clinton    193  03  24.54 

Liberty 199  57  09.72 

West  Alexander  .. 230  3:^  48.15 

Wilsons  Knob ,  361  30  28. 43 

Rock  Lick ..''..    316  03  51.78 


Back  asiiuuth.  I  Log.  distance. 


199  18 

271  04 

304  01 

331  35 

13  04 

20  00 

50  30 

81  35 

136  09 


53. 15 
45. 82 
30.34 
42.43 
52.84 
34.66 
02.08 
08.88 
00.37 


\tetrra, 

4. 2370323 
4.0090858 
3. 9432300 
4. 2492017 
4. 1578221 
4.3437009 
4. 2521000 
4.0196571 
4. 2936870 


KIGUS   KNOB,    MARSHALL   COUNTY. 

Situate<l  0  miles  south  of  the  town  of  Moundsville  on  the  highest 
point  of  a  cone-shaped  hill  locally  known  as  Riggs  Knob. 

Station  mark:  A  lone  locust  tree,  18  inches  in  diameter.  Cent^^rof 
tree  whei-e  first  limb  leavers  trunk. 

[Latitude  39   50  51.66  .     Longitude  80   45  23.44". J 


To  statioQ- 


Aziinath. 


BeallsTille 

Myers 

Sherrard . 


Ba<;k  azimuth.  '  Ix>g.  dintance. 


89  53  56.89 
164  43  47.81 
199  18  53. 15 


Wilsons  Knob ;  221  59  08.76 

Rock  Lick I  263  41  30.14 


269  45  19.11 

344  41  46.06 

19  21  27.57 

42  06  2X^.  22 

83  50  12.37 


Mrtrrx. 

4.3835700 
4. 3327314 
4.2370223 
4.  :W02400 
4.3897152 


OHIO. 
Triangulation  Stations. 

The  following  triangulation  stations  in  eastern  Ohio  were  estab- 
lished by  Mr.  W.  T.  Griswold  during  the  field  season  of  lOUU,  and 
result  from  the  extension  of  the  work  in  Maryland,  Pennsylvania, 
and  West  Virginia,  from  Maryland  Heights  and  Sugarloaf,  stations 
of  the  Coast  and  Geodetic  Survey,  the  positions  given  being  on  the 
United  States  standard  datum. 
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KA8T  LIVERPOOL,  COLUMBIANA   COUNTY. 

(Not  oceiipiod.) 

Meiiiorial  chapel  in  the  oeiui»t^»ry  at  Ea^t  LiveriKxil. 
Station  mark:  Cap  on  inonuin45nt  of  .soldier. 

[Latitude  40   38  15.62  .    LonKitnde  80   M  24.10 '.] 


Tu  Htatlon— 


Aximuth. 


Back  asimuth.     Lo^.  dlHtance. 


Haiiiuiond    ..   . 114  80  16.57 

Allison •. 358  4130.73 


394  26  23. 76 
173  41  45.23 


3.96492 
3. 67712 


HAMMOND,  COLUMBIANA   COUNTY. 

Situalied  :i  iniloH  east  of  the  village  of  Glasgow,  on  the  highest  i>oint 
of  a  knob  known  lo<»allv  as  *'  Hammonds  Knob." 

Station  mark:  A  cut  marble  post  40  by  6  by  0  inches,  set  30  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bi-onze  tri- 
angulation  tablet,  marked  **  U.  S.  (xeological  Survey,  Ohio." 

[Latitude  40   40'  19.50  '.     Longitude  80^  40  21.46  .  ] 


To  Htatlon— 


Wintersville  . . 

ElderH 

KciiHinKton  . . 
Eia8t  Liverpool 
AUiHon - . 


Azimuth. 

9  29  54.97 

58  57  24.93 

103  44  59.61 

294  26  23. 76 

313  44  30.76 


Back  Hzimuth.     Lu{?.  di8tau(*e. 


189  27  36.41 
238  50  48.93 
283  34  21.24 
114  30  16.57 
133  48  37.93 


Mettfrn, 
4. 4836287 
4. 2224370 
4.3739205 
3. 9649200 
4.0918031 


NEW   ALEXANDER,  JEFFERSON   COUNTY. 

Situated  1  mile  southwest  of  the  village  of  New  Alexander,  in  a 
cleare^d  fu»ld  on  west  side  of  county  road,  a  quarter  mile  beyond  jioint 
at  whi<*h  it  leHV(\s  the  New  Alexander  and  Bloomingdale  pike. 

Station  mark:  A  cut  nmrble  post  L*4  by  G  by  6  inches,  sunk  2  feet 
below  surface  of  the  ground,  in  center  of  top  of  which  is  cemented  a 
bn)iiz<'  triangulation  tablet. 

lieference  marks:  Large  tive,  true  In^aring  N.  53*^  "20*  E.,  distant  272 
feel.  Small  Iroe,  true  l>earing  S.  1'  :J<)' W.,  distant  131  feet.  Old 
stump  in  iield,  true  bearing  N.  08'  30'  \V.,  distant  14.7  feet. 
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[Latitnde  40   17  0:^.55 ".    Longitude  80   41'  17.28  .] 


Tu  station— 


Mount  PleaHant. 

Hopedale      

Wintersville    . . . 
Independence . . 
West  Liberty  . . . 


Azimuth. 


Back  asiiiiuth.     Lf^.  diHtamre. 


// 


37  21  07.51 
110  28  S9.92 
164  08  13.73 
386  01  33.01 
327  04  30.90 


o 

( 

n 

307 

17 

14.17 

390 

17 

09.61 

344  06  30.93 
106  07  OJJ.  27 
147  07  43.89 


Meter n. 

4.2700856 
4. 1817302 
4. 1335490 
4. 1133566 
4.1338983 


WINTERSVILLE,  JEFFERSON    COUNTY. 

Situated  ^1  miles  iiortliwest  of  the  village  of  Wintersville,  on  aeoiie- 
nhaiMMl  hill  on  laud  owned  by  Mr.  Mays.  The  Wintersville  and  New 
Riehniond  pike  passes  over  east  side  of  hill. 

Station  mark:  A  cut  marble  post  4()by0  by  Ginehes,  sunk  M  inehes 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tri- 
angulation  t^iblet,  marked  ''U.  S.  Geological  Survey,  Ohio." 

[Latitude  40   34'  05.70  .     Longitude  80   43  54.56  .J 


To  Btatioii- 


Hoi»ed»le 
JefferHon  . 
Elders 
Uamiuond 


i       Azimuth. 

O  •  II 

53  36  19.99 

94  43  31.10 

156  33  37.87 

189  37  36.41 


Back  azimuth.     Ijog.  di8tan(.*e. 


New  Alexjmcler 344  06  30.93 


333  31  31.07 
374  33  35.99 
336  39  31.35 
9  39  54.97 
164  08  13.73 


Metvn. 
4. 1 166735 

4. 3834762 

4. 3683786 

4.4836387 

4.  i:i35490 


CENTENNIAL,    BELMONT  COUNTY. 

(Secondary  station.) 

Situated  "!{  miles  noiihwest  of  the  city  of  Hellaire,  on  land  owned 
bv  William  Nichol. 

Station  mark:  A  lone  pine  tive  on  highest  xniint  of  hill. 

I  Latitude  40   03   19.01.     Longitude  80   46  39.36  .| 


To  Mtatioii— 


#.    _   _ 


Myers 
Sberrard 


AXMDUth. 


Buck  azimuth.     Ii<ig.  diHtantM^. 


31  55  36.  W  I  311  54   17.38 
301  01  ;<0.34      134  04  47.46 


3. 7445933 
3. 9433358 
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MOUNT  PLEASANT,    BELMONT  COUNTY. 

Sitiiat^Ml  near  Moriiingview  post-office,  on  the  north  end  of  a  bare 
hill  on  the  west  side  of  the  Wheeling  and  Mount  Pleasant  pike,  on 
land  owikmI  by  Mr.  Goff. 

Station  mark:  A  cut  marble  i)Ost  40  hy  0  by  0  ]n<!lies,  set  30  inches 
in  the  ground,  in  the  center  of  t^p  of  which  is  cemented  a  bronze 
trian^ulation  t^iblet  marked  *'U.  S.  Cieologicjal  Survey,  Ohio." 

[Latitude  40   08  06.07  .     Longitude  80   47  18.73' .] 


To  Htation— 


Aximuth. 


Back  axlmnth. 


Lofp.  dlsUuioe. 


Myers 
Gallaway     . . 

St.  Clairsville 


6  32  00.56  186  31  12.65 

48  45  10.24  228  :»  OTy.lS 

58  O:^  07.29  ,  237  58  45.00 

77  26  58. 01  '  257  20  13. 51 


ClarksHill 

Cadiz  court-house 130  39  47.88  '  210  31  40.34 

Cadiz   .       ..   133  05  59.66     312  57  37.85 

Hopedale 165  20  26.93  !  345  17  50.68 

New  Alexander ...i  207  17  14.17       27  21  07.51 

Independencse 288  17/J9.54       58  27-33.56 

WestLiberty    ,252  09  09.19       72  16  23.96 


Sherrard 


331  35  42.42     151  39  31.51 


4.1908702 
4.3180322 
4. 0555471 
4. 1827579 
4.3715300 
4. 4001381 
4. 3534510 
4.2700656 
4.3938130 
4.2241846 
4.2492017 


MYERS,    BELMONT  COUNTY. 

Situatesd  4  milt\s  southwest  of  the  city  of  Bellaire,  on  a  cleared  knob 
on  land  owncnl  by  Mr.  P.  B.  Myere. 

Station  mark :  A  cut  marble  post  48  by  6  by  G  inches,  set  40  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tri- 
angulation  tablet  marked  '*U.  S.  Geolopc*^l  Survey,  Ohio." 

[Latitude  39   59  46.16 '.     Longitude  80^  48  33.17".] 


To  station— 


Beall8ville 

Jacobsbiirg 

Gallaway    

Mount  Pleasant 

Centennial    .   . 

Clinton    ,224  1147.70 

Sherrard..,. 271  04  45.83 

RiggsKnob  344  41  46.06 


Azimuth. 

1 
1 

o              *                  tt 

41  39  03.80 

68  34  01.77 

96  59  49.03 

186  31  12.65 

211  54  17.38 

Back  azimuth. 


ti 


221  32  26.97 

248  31  07. 18 

276  53  ;J3.03 

6  32  00.56 

31  55  36.99 

44  17  52.97 

91  09  22.42 

164  43  47.81 


Ijog.  distance. 


Meters. 
4.3447990 

3.8405264 

4. 1453970 

4. 1908702 

3. 7445900 

4.2850900 

4.0090858 

4. 2327314 
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ELDERS,   JEFFERSON  COUNTY. 

Situated  one-half  mile  south  of  the  village  of  Monroeville,  on  land 
owneii  by  Mr.  Elder. 

Station  mark:  A  ent  marble  post  48  by  6  by  6  inches,  snnk  40  inches 
in  the  fj^nmnd,  in  the  center  of  top  of  which  is  cemented  a  bronze  tri- 
an^ulatton  tablet  marked  **TT.  S.  Geoh)ja:ical  Survey,  Ohio." 

[Latitade  40^  35'  40.04  .    Longitude  80*^  50'  20.55  '.] 


To  sUtion— 


Jefferson  ... 
Carrollton  . . 
Kensington  . 
Hammond  . . 

Allison 

Wintersville 


Azimuth. 


n 


26  13  45.61 
82  57  51.91 
148  30  40. 69 
238  50  48. 93 
269  43  49. 10 
336  29  21.40 


Back  asimnth.  '  Logr*  dintanoe. 


n 


206  09  16.01 
262  50  29. 70 
328  26  39.02 
58  57  24.93 
89  54  31.77 
156  33  37.87 


4. 3452306 
4.2070630 
4. 2218375 
4. 2224370 
4. 3659427 
4.3682786 


HOPEDALE,  JEFFERSON   COUNTY. 

Situated  2  miles  west  of  Blooiningdale,  on  the  north  side  of  the 
Bloomingdale  and  Ilopedale  pike,  on  the  highest  point  of  hill  in 
cleared  field  belonging  to  S.  N.  Heall. 

Station  mark:  A  cut  marble  post  24  by  4  by  4  inches,  sunk  24  inches 
under  surface  of  ground,  **ir.  S.  G.  S."  marked  on  top  of  post. 

[Latitude  40^  19'  53.80' .     Longitude  80^  .51'  20.65".! 


To  Rtation— 


Cadiz  Court-House. 
C^idiz 

Jefferson 

Wintersville 

New  Alexander  . . . 


Azimuth. 

61  46  20.94 

69  46  06.04 

137  22  06.82 

23:i  31  31.07 

290  17  09.61 


Rack  azimuth.     Loi;.  diAtance. 


Mount  Pleasant i  345  17  50.68 


241  40  48.88 
249  40  19.70 
317  18  11.04 
53  36  19.99 
110  23  :^9.92 
165  20  26.  as 


Metera. 
4. 1388232 

4.1295800 

4. 1028039 

4. 1166735 

4. 1817202 

4.3534510 


JACOBSBURG,  BELMONT   COUNTY. 

Situatied  on  the  t^p  of  Mr.  Rol)ert  McKelvey's  house.  Signal  was 
placed  on  roof  within  railing.  The  center  comes  at  edge  of  second 
layer  of  tin  from  south  railing  and  in  cent^^r  of  (Mi|H>la  east  and  west. 
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I  Latitude  39'  58'  24.01".     Longitnde  H<)   53'  04.87  .  ] 


ToHtation-- 


Beallsville 
Gall  away 
Myera 


AEimutb 


Rai'k  aKimntb.     Ixitc-  <1iMUin<'««. 


30  28  86.52  210  24  54.13 
119  :W  37.92  .  299  35  16.  ((3 
248  31  07.18  i     fW  34  01.77 


Mftrr*. 
4. 2108474 

3.9:n80K» 

3. 84a52ft4 


ST.  CLAIRSVILLK    COURT-HOUSK,  BKLMONT   COUNTY 

(Not  o<»cupie(l.) 
St>at.ioii  mark:  (Vnter  of  eiiixila  on  (»oiirt.-hoiiao. 

[Latitude  40   04  50.90  .     Longitude  HO  54  a5.72  ".J 


ToHtation— 


Mount  Plea8:mt 
Sherrard 


Azimuth.  Back  azimuth. 


I  237  58  45. 00       5H  m  07. 29 
297  53  05.27  '•  118  01   lfi.04 


I^iK-  distance. 

Metrr». 

4.0555471 

4.3112543 


KRNSIN(JTON,  CARROLL   COCNTV. 

SituatfMl  1  mile  Houtli  of  KenRinjfton  on  the  hijjfUest  i>oint.  of  a  wo€Mie<l 
hill.     A  county  road  pasHeH  over  the  Kcnith  side  of  the  hill. 

Theodolite*  elevated  00  feet. 

Station  mark:  A  eut  marble  jKi.st  4H  by  (>  by  <»  inches,  sunk  30  inches 
in  the  j^round,  in  the  cent-er  of  top  of  which  is  (*emenU^d  a  bronze  tri- 
an^ulation  tablet  marked  *' IT.  S.  (4eolo^i<*al  Survey,  ()hi<»." 

[Latitude  40   43'  20.61".     Longitude  80^  5«  40.47  ".] 


To  Htation  — 


Azimuth.  Bat*k  azimuth.     Lor.  <li8tan«*e. 


CarroUton 
Hammond 


24  09  27. 05 
283  34  21.24 


Elders ...  328  20  30.02 


2()4  06  05.89 
103  44  59.61 
14«  30  40.69 


Mvtrr». 
4.2491471 

4. 3739005 

4.2218375 


JEFFERSON,  HARRISON   COUNTY. 

Situated  on  a  bare  hill  one-fourth  mile  northwest  of  the  t.own  of 
Jefferson,  l)etweeii  the  forks  of  the  New  Philadelphia  and  the  Carroll- 
ton  roa<ls,  on  lan<l  owned  by  Samuel  Meed. 

Stat  ion  mark :  A  cut  marble  i)ost  42  by  «J  by  0  in(fhes,  sunk  30  inches 
in  the  «!:n)un<l,  in  center  of  tc»j)  of  which  is  <*emented  a  bronze  trian^u- 
lation  tablet  marked  '"V.  S.  (fe<»lo«ri<*al  Survey,  Ohio." 
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[Latitnde  40^  24  55.88  ".     Longitude  80^  57'  24.08  .] 


To  Btation— 


Azimnth.       i  Back  asiniuth.  .  httg.  diMtanre. 


Cadiz 

Carrollton  .. 

ElderH 

Wintersville 
Hopedale  ... 


16  08  19.68 
160  48  24.64 
206  00  16.01 
274  33  35.99 
817  18  11.04 


196  06  28. 74 

340  45  :».  78 

26  13  45.61 

94  42  21.10 

137  22  06.82 


Meter*. 

4. 1631951 
4.2772408 
4. 3452:106 
4.2824762 
4. 1028039 


CLARKS   HILL,  BKLMOXT   (^OUNTY. 

Situat-ed  1  inilo  oast  of  Hanno<*k  station,  .south  of  tho  Clevelaii<l, 
Lorain  and  Wheelinji:  llailway,  on  the  summit  of  a  hill  owned  by  the 
heii>i  of  iMr.  Samuel  Clark. 

Station  mark:  A  cut  marble  post  0  by  0  inehes  on  top  and  ext^nd- 
inji:  to  ♦»  by  12  inches  at  bottom.  It  is  24  inches  lonj?,  sunk  25  ln<*hes 
in  the  gfround,  and  set  in  cement.  In  the  cent^^r  of  the  top  is  eementied 
a  bronze  triangulation  tablet  marke<l  '*  IT.  S.  Geological  Siirv'ey,  <^)hio. 

[Latitude  40"  06'  18.28  .     Longitude  80"  57  46.47".] 


»> 


To  Htation— 


Azimuth. 


n 


Bark  azimuth.     Lrvgr-  dintance. 


Gallaway 4  07  10.89  I  184  06  50.55 

Cadiz !  170  18  03.93  J  350  11  27.48 


Mount  Pleasant 257  20  13.51 


77  26  58.01 


Meterx, 
4.0183311 

4. 3177623 
4.1827579 


GALLAWAY,  BELMONT   COUNTY. 

Situat^Ml  4  miles  southeast  of  Belmont  and  2  miles  south  of  Lewis 
Mills,  on  the  summit  of  a  bai'e  hill  owned  by  Mr.  Oallaway. 

St4ition  mark:  A  cut  marble  post  M)  by  0  by  0  inches,  set  'M  inches 
iu  the  gi*ound,  in  the  center  of  top  of  which  is  cemented  a  bronze 
triangulation  tablet  marked  '*  V,  S.  Geological  Survey,  Ohio." 

[Latitude  40   00'  40.95' .     Longitude  80   58  18.07  '.J 


T(i  station - 


Azimuth. 


Back  azimuth.  I   Ixiff.  distantv. 


Beallaville 

aarksHill. 
Mount  Pleasant 

Myers 

Jacobaburg 


2  29  55.8:j  I  182  20  34.:i;J  • 

184  06  50.55  |  4  07  10.89  . 

228  38  05.78  '.  48  45  10.24 

276  53  33.0:{  96  59  49.03 

299  35  16.63  119  38  37.92  ; 


Metern. 
4.2612655 

4.ois:wil 

4.31h0322 
4.  145:J970 
.S.  9318086 
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BEALLHVILLK,  MONROE   COUNTY. 

Situated  3  miles  east  of  the  tiown  of  lieallsville,  on  the  hijarhest  point 
of  a  bai'e  hill  on  the  farm  of  the  (4ale  brothers. 

Station  mark:  A  cut  marble  post  4S  by  r»  by  0  inches,  set  40  inches 
in  the  ^roun<l,  in  the  center  of  t.op  of  which  is  cement^Ml  a  biinize 
trian^ulation  tablet  marked  "U.  S.  Geological  Snr>^ey,  Ohio." 

[Latitnde  t\\)   50  49.78' .    Longitnde  m  58  51.54".] 


ToHtation—  Azimuth.  Back  azimuth.      Log.  dlntance. 


"        '          "        .  o        .          n  Meter: 

Gallaway |  182  29  34.33         2  29  55.83  4.2«12a')5 

Jacobsburg • 210  24  53.13  30  28:^.52  4.2108474 

Myers       ,  221  32  26.97  41  :»  03.80  4.3447990 

RiggsKnoh ,209  45  19.11  89  53  56.89]  4.2835700 


CADIZ  fOURT-HOITSE,    HARRISON   COUNTY. 

(Not  occupied.) 
Station  mark:  Center  of  cupola  on  court-house. 

[Latitude  40    16  22.39.     Longitnde  HO  59  54.02 '.J 


ToRtation  Aziuiiith.  Back  aximuth.      I^ig.  diHtaD<'<f. 


'      ■         ■           "         I      o        ,           .,  Metrt'H. 

Hopedale ,  241  40  4.S.K8       0146  20.94  4.  i:«8233 

Mount  Pleasant '  310  31  40. 34  ,  130  39  47.  MS  4. 3715307 

I                           I                           I  • 


CADIZ,    HARRISON   COUNTY. 

Situated  li  miles  north  of  the  town  of  Cadiz,  on  a  hill  locally  known 
as  "the  Sand  Lot,"  on  land  owned  by  Louis  Rider,  at  forks  of  road 
to  Hanov^er  and  Rumley. 

The<Hlolite  elevat-ed  52  feet. 

Station  mark:  A  cut  marble  post  48  by  <>  by  0  inches,  sunk  30  inches 
ill  i^roun<l,  in  center  of  tx>p  of  which  is  cemented  a  bronze  triangula- 
t'um  t^iblet  marked  '' T.  S.  (xeoloj^ical  Survey,  Ohio." 

[Latitnde  40    17  22.30  .     Longitude  SI    (K)  15.98  .J 
T«>  Htation  -  Azimuth.  Back  azimuth,  i  Lofc.  diatance. 


Jefferson J  190  00  28. 74       10  OS  19. 68  i  4. 1831951 

Hopedjile       .,  249  40  19.70  '     09  4«i  0:5.04  4.1395800 

Mount  Pleasant .         312  57  37.8.*)     l;W  05  59.06  i  4.4004881 

ClarksHill 350  11  27.43  '  170  13  03.92  1  4.8177633 
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CARROLLTON,    CARROLI.  (^OUNTY. 

Situated  2^  miles  east  of  the  town  of  (^arrollt4)ii,  on  the  S<^roggsfieUl 
road,  on  land  owiied  b}^  Mr.  Canipl)ell. 

Station  mark:  A  cut  marble  post  40  by  0  by  0  inches,  set  30  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tri- 
angulation  tablet  marked  "IT.  S.  (geological  Survey,  Ohio." 

[Latitude  40"  .34'  a5.51' .     Longitude  81°  01'  49.27  ".] 


To  station—  Azimuth.  Back  azimutli. 


24  09  27.05 


Kensington 

Elders    262  50  29.70  i    82  57  51.91 


204  06  05.89 


Log.  distance. 


Jefferson 340  45.32.78 


160  48  24. 64 


Meiers 
4. 2491471 

4. 2070630 

4.2772402 


Primary  Traverse. 

One  hundre<l  and  ten  geographic  positions  in  northeastern  Ohio 
were  determined  by  primary  travei'se  during  0<»tol>er,  Noveml^er,  and 
Decern l>er,  19iX),  by  Mr.  E.  L.  M<^Nair,  and  l>ased  ui>on  three  st>ations 
of  the  Unit/ed  StatiCs  Lak<»  Survey — Claridon,  Warreiisville,  and 
(irafton. 

Circuit.s  were  completed  as  follows:  L  South wartl  from  Warreiis- 
ville triangulation  station  to  Hudson;  thence  to  Ravenna;  theii(»e  by 
highways  northwanl  to  Claridon  triangulation  st^ition.  IL  South- 
ward from  Hudson,  lociated  by  first  travei'se,  to  Akron;  westward  to 
Sterling;  thence  northwaixi  to  (4rafton  triangulation  station.  HI. 
Westwartl  from  Stirling  to  the  eighty-second  meridian;  thence  south- 
ward to  Wooster,  eastwaixi  to  Oanton;  thence  northward,  closing  on 
Akron.  A  spur  line  was  run  from  Wooster  southwestward  4  miles 
to  Millbi*ook.  IV.  Southward  from  Ravenna  to  Bayai'd,  thence  west- 
waM  to  Canton.  V.  Eastward  from  Bayai'd  to  Kensington  triangu- 
lation st^ition,  which  was  located  through  a  series  of  triangles  270 
miles  in  axial  length,  based  upon  Maryland  Heights,  Sugar  Loaf  sta- 
tions, aiid  on  lTnite<l  States  standard  datum  of  the  Coast  and  Geodetic 
Survey. 

The  position  of  Kensington  triangulation  station,  as  computed 
through  the  travei-se  from  the  lake  survey  stations  compared  with 
that  compute<l  through  the  triangulation  upon  the  ITnileil  St^ites  stand- 
aitl  datum,  shows  a  discreiKMicy  of  2'3  feet  in  latitude  and  15  feet  in 
longitude,  the  latter  giving  a  location  noilh  and  west  of  the  former. 
As  this  is  a  connection  l^etween  two  entirely  diflfei*ent  syst<»ms  of  tri- 
angulation the  dis^i-epancy  is  very  small  and  is  partly  at  tribut^ible  to 
station  error  and  partly  to  erroi-s  in  the  traverse  lines  ainl  triangula- 
tion. This  error  was  distributed  in  the  traverse  line  lietween  Bayard 
and  Kensington. 
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(iettgnijihic.  pofniionst  Itettteeii  Warrewrvilie  trianguiatum  station.  United  Statet 

Lake  Survey,  ami  Bedfonl,  Ha  highways. 


StAtions. 


Latttndi 


fxNigltnde. 


o  ' 


Warrensyillo  triangalation  station ...... .     |  41  28  80.24  j  81  :iO  12.88 

Randall  station.  Erie  Rwv..  abont  one- fourth  mile 


west  of,  road  croesing  near  post-office 

Bedford  station,  Cleveland  and  Pittsburg  Rwy 


41  35  42. 6 
41  23  24. 1 


81  32  12.0 
81  :r  09.8 


GetHfraphic  pantions  along  Clet^latui  and  Pitinimrg  Raihoay,  lietir>een  Betifonl  nnd 

Kensingttm, 


BtatioDA. 


Macedonia  station 

Hudson,  Western  Reserve  Academy  Observatory 

Portage  and  Summit,  county  line 

Elarlville  station 

Erie  Rwy.  crossing 

Ravenna,  Main  street  crossing 

Ravenna,  Pittsburg  and  Western  Rwy.  crossing 

Rootstown  station,  road  crossing  15()  feet  north  of 

Road  crossing  15  feet  south  of  milepost  45 

Road  crossing  055  feet  north  of  milepost  48 

At  water  station  road  crossing  205  feet  south  of . . 

Portage  and  Stark  counties,  road  crossing  on  county 

line 

Road  crossing  1,695  feet  south  of  milepost  55 

Alliance,  Alliance  and  Northern  Rwy.  crossing 

Alliance.  Pittsburg,  Fort  Wayne  and  Chicago  crossing. 

Alliance  station 

Stark  and  Mahoning  counties,  road  crossing  on  county 

line .   

Road  crossing  1,070  feet  north  of  milepost  61 

Home  worth  station,  road  crossing  55  feet  south  of 

.Moultrie  station,  road  crossing  255  feet  south  of 

Bayard  station . 

East  Rochester  station,  road  crossing  700  feet  east  of  . . 

Hanover- West  township  line 

Kensin^j^ton  station.  roa<l  crossing  150  feet  west  of  . .  . 
Kensington  triangnlation  station . . . . 


I.At4tnde. 


41  18 
41  15 
41  12 
41  11 
41  10 
41  09 
41  08 
41  06 
^.l  04 
41  02 
41  01 


48.3  ^ 

37.6  i 

45.3 

21.0 

18.4 

28.0 

56.4 

18.4 

38.2 

21.2 

25.4 

i 
40  59  17.4  ' 

40  56  27. 5  ' 

40  55  33.0  I 

40  55  18.6 

40  55  17. 1 

40  54  44. 1 
40  52  20. 4 
40  50  14.8 
40  47  47.8 


TA>tigitade. 

o  •  (■ 

81  30  :<7. 3 
81  26  14.9 
81  28  33.2 
81  20  42.8 
HI  18  40.7 
81  14  52.5 
81  14  44.6 
81  12  52.7 
81  11  40.5 
81  10  20.8 
81  09  50.8 

81  08  41.2 
HI  06  57.0 
81  06  04. 4 
81  QT)  45.0 
81  a5  43.2 


81  Oo 
81  04 
81  04 
81  04 


13.8 
08.3 
04.4 
14.3 


40  45  02. 7 

81  03  58.4 

40  44  41.8 

81  02  06.3 

40  44  00. 5 

80  58  ;«.2 

40  44  0.5.3 

80  57  23.3 

40  43  20.6 

80  56  40.5 
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Oeographh  pttsiiitniH  almtg  Clei^auU,  Akron  nmt  Coluwlmn  Hm'litHty,  Hwhtm  to 

Aki'OH, 


Stations. 


Latitude. 


Flag  station,  road  crossing  at,  1,770  feet  sonth  of  mile- 
poet  3 

Road  crossing  1 ,370  feet  north  of  mileiiost  fl 

Cnyahoga  Falls  station     . 

Road  crossing  1,925  feet  sonth  of  milepost  10 

Cleveland,  Terminal  and  Valley  Rwy.  crossing,  stone 
arch .  

Akron. Union  station 

Akron,  conrt-honse  gronnds.  sonth  meridian  mark 

Akron,  conrt-honse  grounds,  north  meridian  mark 


41  11  52.4 
41  09  50.3 
41  08  06.9 
41  0«  08. 1 

41  OT}  08.5 
41  04  58.7 
41  04  44.3 
41  04  47.8 


Lonfdtnde. 


// 


81  27  53. 8 
81  28  10.8 
81  28  52.0 
81  29  23.0 

81  29  24.3 
81  30  34.8 
81  ;n  05.0 
81  31  05.0 


Geographic  jHutitiotiM  aUmg  Erie  Rniltnty,  Ahron  fit  livrinink. 


StationB. 


I.^titade. 


Longritiide. 


II      /        II 


Akron.  £2rie  station,  2j  miles  wei^t  of.  old  cnnal  crossing. 
Road  crossing  (Baltimore  and  (  hio  Rwy.).  2,2(N)  feet 

southwest  of  milepost  18..   

Barberton  station 

Sherman  station . . 

Wadsworth  station 

Road  crossing  one-half  mile  west  of  milepost  217 

Rittman  station    

Sterling:  Cleveland.  Lorain  and  Wheeling  crossing 

Creston  station 

Road  crossing  370  feet  east  of  water  tank 

Borbank  station 

Baltimore    and    Ohio    crossing   (Lodi    and   Wooster 

branch) 


O  /  II 

41  02  4ft.  1  .     81  32  35.7 


41  01  50.4 

81 

34  52. 1 

41  01  13.2 

SI 

36  36.5 

41  00  50.4 

81 

40  05.0 

41  01  02.7 

81 

43  46. 6 

40  59  40. 5 

81 

44  55.  ,5 

40  58  00.4 

81 

46  55.2 

40  58  10.9 

81 

50  52.7 

40  58  50.6 

81 

53  33.2 

40  59  22.8 

81 

57  'M).2 

40  59  24. 2 

81 

59  50. 1 

40  59  19.4  I     H2  01  33.7 


■n-.^' 
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(gt'itfjrnphic  jHMiHiijHH  along  Clerrlaud,  Ijumin  and  WlteeUng  Railway,  from  Ster- 
ling to  UittftoH  trianguUition  ntation  irintetl  Statrx  Ijike  Survey). 


StationH. 

Sterling,  Erie  Rwy.  crossing ..  - 

Seville  station. 

Road  crossing  2.»M0  feet  soath  of  milepost  39 

Flag  station  40()  feet  south  of  mile^iost  :t7  .   

Road  crossing  '«^50  feet  north  of  milepost  84 

Medina  station  

Road  crossing  3,150  feet  south  of  milepost  29 

Lester  station 

Erhart  station .     . 

Grafton  triangulHtion  station   (Unite<l  States  Lake 
Survey).    .. 


lAtitnde. 

Lfmicitade. 

O      '       It 

40  58  10. 9 

1  81 

1   il 
44  .V).5 

41  00  ."W..") 

81 

51  50.5 

41  02  :«.H 

81 

53  04. 0 

41  04  37; fi 

81 

53  39.8 

41  07  16.1 

81 

53  OS.Ii 

41  08  18.8 

81 

52  24.3 

41  10  01.9 

81 

55  13.2 

41  10  48.2 

81 

56  31.5 

41  il  :i5.2 

81 

58  21.1 

41  12  44.21 

81 

59  37.8,' 

Geogntphu*.  jHutittanx  along  Lotli  ami  WtxMter  branch  of  Baltimore  and  Ohio  Ritil- 

riHuUfrom  Erie,  cnuining  to  WtH>Hter. 


Stationa. 


I^t  Itade. 


Ix>ii^tude. 


Erie  crosHing 40  59  19. 

Road  crossing  at  flag  station 40  57  08. 

Armstrong  flag  station 40  54  42. 

Overton  flag  stiition  .     .    40  51  51 . 

Road  crossing  <MM)  feet  south  of  water  tank 40  48  38. 

Wooster  fair  gionnds,  ponth  meridian  mark. 40  47  50. 

Wooster  fair  grounds,  norl  h  meridiun  mark 40  47  55. 

Wooster  station.  Baltimore  and  Ohio  R.  R.   .   40  47  43. 


4 
3 
0 
0 
1 
3 
6 
6 


82  01  38.7 

82  01  27.7 

82  00  34.0 

82  (H)  32. :{ 

81  58  51.0 

81  .57  03.5 

81  57  08.5 

81  56  55.1 


GetHjraphiv  jHtnitionH  along  Pittsburg,  Fort  Wayne  and  Chicago  Jiailtmy,  fnmi 

MillbrtHtk  to  (yrnnlle. 


StationH. 


T^titude. 


*/ 


Bridge  121.  northwest  comer  of.  copper  bolt  in  bridge  , 
abutment 

Road  crossing  100  feet  east  of  bridge  121 

Overbeafl  road  crossing . 

Baltimore  and  Ohio  overhead  crossing ... 

Wooster  station  .  I 

Stone  arch  culvert  1,040  feet  north  of  milepost  132 

Smithville  sbition .. 

Road  crossinj^  a1)out  one-third  mile  east  of  wat^r  tank. 

Orrville,    Pittsbnrg,   Fort  Wayne  and   Chican:o  and 
Cleveland,  Akron  and  ColnnibuH  Rvvy  i 


Longitude. 


/i 


40  43  59.9 

81 

58  24.6 

40  44  00. 7 

81 

58  23.8 

40  44  51.8 

81 

57  41.4 

40  46  32. 6 

81 

56  47.7 

40  47  57.0 

81 

55  54.8 

40  49  09. 8 

81 

53  19.6 

40  50  25. 5 

81 

51  40.9 

40  49  46. 0 

81 

48  35.0 

40  50  22. 1 

1 

81 

46  05.8 
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Cfeogntphic positions  (Uong  Wheeling  andlxike  Erie  Bnilway^betwe^in  Orrvilleand 

MoHsdllon, 


Stations. 


Latitude.  Longitude. 


Barton  City  station 

Dalton  station 

Pocock  mine  junction _   . 

Sippo  station,  road  crossing  335  feet  west  of 

Sherwood  flag  station,  road  crossing  at 

Massillon,  crossing  of  Wheeling  and  Lake  Erie  and 
Cleveland.  Lorain  and  Wheeling  Rwys . .  


*/ 


40  50  36.5  81  42  12.1 

40  48  02.0  81  41  15.2 

40  48  20.7  81  38  43.9 

40  48  56.4  :  81  36  05.9 


40  48  19.8 


40  47  43. 5 


81  33  17.9 


81  31  47.3 


•  

Geographic  }>08itioii8  aloiuj  IHttshuiy^  Fort  Waytie  awl  Chicago  BuUtcay,  between 

Massillon  and  Canton, 


StatiuuM. 


Massillon,  East  street  crossing 

Road  crossing  2, 150  feet  east  of  milepost  107 

Road  crossing  700  feet  west  of  milepost  104  . 

Canton,  Pittsburg,  Fort  Wayne  and  Chicago  Rwy. 
and  Cleveland  Terminal  and  Valley  Rwy.  crossing.'    40  47  24.2 


Latitude. 


Longitude. 


40  47  32.4  ;    81  31  01.2 
40  47  11.6  I    81  27  57.6 


40  46  54.1 


81  25  11.8 


81  23  02. 1 


Geographic  2)08itioiui  along  the  Cleveland  Terminal  and  Valley  Railway,  bettveen 

Canton  and  Akron. 


HtatiouH. 


Canton  station 

Road  crossing  1 ,525  feet  south  of  milepost  54 

New  Berlin  station,  road  croefiing  65  feet  north  of . . . 
Ghreentown  station,  road  crossing  245  feet  north  of .  . . 
Myersville  station,  road  crossing  215  feet  north  of . . . 

Road  crossing  280  feet  north  of  milepost  44 

Krumroy  station,  road  crossing  225  feet  south  of  . . . 
( )yerhead  roiid  crossing  425  feet  south  of  inileiKxst  39 


Latitude. 

Longitude. 

O               1                II 

O              1                '1 

40  48  01.5 

81  2,3  16.1 

40  51  16.8 

81  24  49.2 

40  52  54.0 

81  25  32.3 

40  55  42. 5 

81  25  10.8 

40  58  34.0 

81  25  36.7 

40  59  4(.9 

81  26  44.5 

41  00  55.3 

81  28  42.8 

41  03  07.2 

81  28  37.0 
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Oeogntphic  jHmitioiui  along  M'hfvliiig  awl  Liike  Eric  HiiUitay,  between  CnutoHand 

Minerva, 


HUitioiiH. 


Latitndo. 


(/ 


Longitude. 


Canton,  cruBdinf<  of  Pittsbnrg.  Fort  Wayne  and  Chi-  | 

cagoRwy 40  47  43.3 

Road  crossing  1,826  feet  west  of  milepost  ((3 40  40  26. 4 

Osnaburg  station  road  crossing,  425  feet  east  of 40  47  03. 7 

Road  crossing  1,650  feet  east  of  ttiilepost  07 40  45  58.0 

Robertsville  station,  road  crossing  90  feet  west  of 40^  45  38. 9 

Road  crossing  180  feet  south  of  milepost  73 40  44  54. 2 

Road  crossing  450  feet  south  of  milepost  75 40  43  09. 5 

Minerva,  crossing  of  Cleveland  and  Pittsburg  Rwy. 
(new  Philadelphia  branch)   along    Cleveland  and 

Pittsburg  Rwy 40  43  31. 5 

Minerva  station,  Cleveland  and  Pittsburg  Rwy.,  road 

crossing,  about  2,200  feet  northeast  of 40  43  40. 3 


81 

22  07.3 

81 

19  17.9 

81 

10  5J.6 

81 

14  ril.9 

81 

11  21.6 

81  09  24.0 

81 

09  11. b 

81 

06  26.2 

81  06  09.9 

Geographic  ptmtions  along  hightray  fnnn  RafTHua  northtrard  to  Claridon  irian- 

giUation  station  ( United  State«  Ijuke  Sun^). 


StatiouH. 


Shalerbville,  2^  miles  south  of,  1  comers 

Shalersville,  intersection  of  roads  at    

Mantua  station,  Erie  Railway  crossing  near 

Mantua  post-office,  road  intersection  at      

Julia  i)08t-office,  county  line  between   Portage  and 

Geauga  County 

Auburn,  road  intersection  at  store  . 

South  Newbury  post-office,  2,000  feet  south  of.  and  \ 

mile  south  of  creamery,  electric  railway  crossing     . 

Burton,  2}  miles  southeast  of,  4  corners 

Burton,  street  intersection,  north  side  of  park 

Burton,  about  \i  miles  north  of,  4  comers 

Claridon  triangulation  station  (U.  S.  Lake  Survey) 


Latitado. 

41  12  07.4 

41  14  19.8 

41  16  52.8 

.  41  18  37.3 

41  20  50.8 

41  23  14.0 

41  25  58.4 

41  26  59.7 

41  28  21.4 

41  29  49.5 

41  30  39.61 


LonKltude 

o 

1       II 

81 

14  47.1 

81 

13  53.6 

81 

13  28.8 

81 

13  19.2 

81 

13  27.3 

81 

13  00.2 

81  12  :J2.9 
81  10  53.4 
81  08  43.9 
81  08  43.8 
81  07  06.27 


Meridian  Marks. 
CANTON,  STARK   COUNTY,  OHIO. 

Location  of  station:  On  the  Stark  County  fair  ^roii mis  at  Cant'On. 

Station  mark:  A  marble  iK)st  40  by  0  by  8  inches,  set  36  inches  in 
the  ground,  in  the  center  of  top  of  wliicli  is  <'emeiited  a  bronze  meridian 
tablet.     It  is  25  feet  north  of  inside  fence  at  south  end  of  race  track. 
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Ki^feroiiee  mark:  Center  of  judges' Htaiid,  3!iO.<»  feeldistHtii;  true 
azimuth,  148°  01'  30". 

Distant  mark:  A  marble  post  40  by  6  by  8  iin^lieH,  s#»t  '3(1  inches  in 
the  gn)Uiid,  in  the  renter  of  top  of  which  is  a  bronze  meridian  tablet. 
It  is  705  feet  north  of  the  station  mark  and  283  feet  soutli  of  inside 
fence  at  nortli  end  of  ra<?e  track. 

Cent4jr  of  judges'  stand,  480^  feet  distant;  true  «izimuth,  l^S""  30'  00". 

Resident  referee:  Mr.  Jolm  S.  Hoover,  county  surveyor. 

ST.    CLAIRSVILLE,    BELMONT  COUNTY,    OHIO. 

L(x;ation  of  st<ation:  Within  the  Helmont  bounty  Agricultural  Soci- 
ety fair  grounds. 

Station  mark:  A  sandstone  jMist  40  by  12  by  )iO  inches  set  40  inches 
in  the  ground,  in  the  center  of  top  of  which  is  cemented  a  bnmze 
meridian  tablet. 

Distant  mark:  North  of  st>ation  400  feet,  a  sandstone  iK)8t  72  by 
12  by  20  inche^s  set  40  inches  in  the  groun<l,  in  the  center  of  top  of 
which  is  cement<»d  a  bronze  triangulation  tablet. 

WOOSTER,    WAYNE   COUNTY,    OHIO. 

Ix>cation  of  st>ation:  On  the  Wayne  County  fair  gn)unds. 

Station  mark:  A  marble  i)ost  36  by  G  by  9  inches  set  34  inches  in 
the  ground,  in  the  center  of  top  of  which  is  cemente<l  a  bronze  meridian 
tablet. 

Reference  marks:  Center  of  judges'  stand,  i2\)  feet  distant;  true 
azimuth,  181"  31';  tree,  42G  feet  distant;  azimuth,  104°  00'. 

Distant  mark:  53i).4  feet  north  of  station  mark,  40  fcM't  from  inside 
edii^i)  of  race  track,  a  marbk  post  3G  by  G  by  9  inches  set  34  inches 
in  the  ground,  in  the  center  of  top  of  which  is  c^jinent^jd  a  bronze 
meridian  tablet. 

Keference  marks:  Center  of  ju<lges'  stand,  413  feet  distant;  true 
azimuth,  3oG°  25';  trt»e,  GOl  feet  distant;  azimuth,  43^  25'. 

Uesideut  i-eferee:  County  surveyor. 

NORTH  CAROLINA. 
Primary  Traverse. 


Tlie  following  geographic  positions  wei-e  <letermin(Ml  by  prinmry 
railroad  traverse  by  Mr.  Oscar  Jones,  assistant  topographer,  in  Sep- 
t<»ml>er  and  October,  1900.  The  line  In^gins  at  the  K[)iscopjil  Cliurch 
spire  at  Newl)ern  (located  by  the  United  States  (-oast  and  Geo<letic 
Survey),  and  follows  the  Atlantic  and  North  Carolina  Railroad  to 
GoIdslH>ro;  thence  along  tlie  Atlantic  Coaist  Line  Railroad  via  Rocky- 
mount  and  Parmele  to  Washington,  connecting  with  Cedar  Grove  tri- 
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angulation  Htaiion  of  the  UniU^d  States  Coast  and  Geodetic  Survey. 
A  spur  line  was  run  from  Parniele  to  Plymouth. 

Oeographic  poaiiionn  along  Atlantic  and  North  Carolina  Uailroad  betweeti  Neuhem 

and  Ooldtboro, 


Htatioiw. 


Newliem,  Episcopal  (Jharch  spire.  United  States  Coast 

and  (Geodetic  Survey 

Newbern,  national  pike  crossing  .    

Road  crossing  1 .470  feet  east  of  milepost  40 

Clark  po8t-office  and  sawmill,  road  crossing  at. . . 

Tuscarora  station 

Road  crossing  2,100  feet  east  of  mi1ei)ost  51 

Coar  Creek  station .  

Road  crossing  2,306  feet  east  of  milepost  56 

Road  crossing  t  ,140  feet  west  of  milepost  58 

Dover  station  . .  

Road  crossing  1,470  feet  west  of  milepost  64  _ 

Neuso  River  bridge,  east  end  of 

Kinston.  crossing  of  Atlantic  Coast  Line  Rwy 

Kinston  station 

Road  crossing  1 ,480  feet  west  of  milepost  72 , ... 

Falling  Creek  station 

Road  crossing  285  feet  east  of  mileiKjst  78 

Lagrange  station 

Beston  station ...   

Road  crossing  1,080  feet  west  of  milepost  88 

Road  crossing  160  feet  west  of  milepost  91    

Goldslwro,  junction  with  Atlantic  Coast  Line  Rwy    . . 

Gtoldsboro,  north  meridian  mark 

Goldsboro,  south  meridian  mark 


Lutitiide. 


H 


35  06 
35  07 
85  07 
35  08 
35  09 
35  10 
35  11 
35  11 
35  12 
35  12 
35  14 
35  14 
35  15 
35  15 
35  16 
35  16 
35  17 
35  18 
35  20 
35  21 
35  22 
35  23 
a5  22 
35  22 


25.04 

01.0 

45.9 

44.8 

34.1 

34.1 

11.7 

50.8 

31.5 

57.5 

00.9 

36.5 

31.5 

51.4 

15.8 

34.8 

08.6 

25.7 

37.0 

38.6 

47.0 

27.9 

53.4 

51.7 


Lonfitade. 


77  02  21.  W 
77  02  47.7 
77  a")  44.1 
77  09  35.5 
77  12  49.5 
77  16  46.0 
77  19  14.3 
77  21  48.8 
77  24  30.1 
77  26  12.9 
77  30  40.4 
77  33  27.0 
77  34  27.1 
77  34  53.7 
77  38  12.4 
77  41  22.6 
77  44  05.8 
77  47  17.3 
77  50  49.7 
77  52  59.4 
77  55  59.6 
77  59  34.8 
77  59  37.3 
77  59  87.8 
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Geographic  jtositionH  alorm  Atlantic  CtMint  Live  Raihraif,  Minem  OoldfA^tyro  and 

Rockymount  . 


StationH. 


Latitude.       >    Longrltudn. 


ti 


Road  croseinf?  ItK)  feet  north  of  milepoHt  87 


85 


Road  croflsing  3H0  feet  Ronth  of  itiilepost  90     ... 35 

Pikeville  station       .         35 

Water  tank  5H0  feet  north  of  mileiXMt  93 35 

Road  croesing  18<)  feet  north  of  milepost  94 : . .   . .  35 

Fremont  station 35 

Road  crossing  1 ,510  feet  south  of  milepost  99 '\  35 

Blackcreek  station  35 

Content  nea  station,  junction  main  line     .J  35 

Wilson  station .  .  .  35 

Road  crossing  860  feet  north  of  milepost  110 i  85 

Road  crossing  20  feet  south  of  milepost  113  35 

Elm  City  station  |  35 

Road  crossing  1  .OH)  feet  south  of  milepost  116 35 

Sharpsburg  .       35 

Road  crossing  1 .790  feet  south  of  milepost  121 

South  Rockymount.  main  line  junction    

Rockymount  station 


35 
35 


25  30.0 

28  02.3 

29  52.6 

30  50.5 

31  ;w.2 

32  41.8 
:J5  24.6 
38  14.2 
40  42.8 

43  21.9 

44  47.9 

47  03.2 

48  21.4 

49  17.1 

52  01.0 

53  10.9 
55  51.7 


It 

t  i 
77 
77 
77 

I    I 

77 


t  I 


77 
77 


77 


77 

77 


77 


77 


77 

77 

35  56  18. 5  j     77 


58  58.8 
58  58.2 
58  57.7 
58  57.4 
58  56.4 
58  25.8 

57  01.5 
55  56.5 
55  51.0 
54  24. 5 

58  37. 7 
52  24.6 
51  42.4 
51  11.8 
49  43.8 
49  08.4 
48  02.5 
47  51.7 


Gea^/raphic  ptmtionn  along   Atlantic  Coast  Line  Railway^  Rockymount  east  to 

Plymouth, 


Stationn. 


Latitude. 


Road  crossing  15  feet  east  of  milei>ost  3  

Road  crossing  1,495  f^t  east  of  milepost  5 

Kinsboro  station 

Hartsboro  station      

Road  crossing  696  feet  west  of  mileiK>st  12  . . . . 

Tarboro.  main-line  junction . 

Tarboro  station 

Tar  River  bridge,  west  end  of 

Mildred  station  .         

Conetoe  station 

Road  crossing  340  feet  west  of  milepost  25.     . . 

Bethel  station 

Parmele,  railroad  crossing  at 

Robersonville  station 

Everetts  station 

Williamston,  junction  of  spur  track  to  station 
Williamston,  road  crossing  at 

Bull.  181—01 10 


35  55 
35  55 
35  55 
35  54 
35  54 
35  54 
;i5  54 
35  5:^ 
35  50 
35  48 
35  48 
35  48 
35  48 
35  49 
35  50 
35  50 
35  50 


29.1 
16.8 
05.6 
58.3 
42.6 
28.9 
28.6 
35. 2 
53. 8 

56. 5 
03. 7 
28.7 
58.  4 
27.5 

05. 6 
57. 1 
48.0 


Longrltudo. 


// 


,,  44 
77  42 
77  40 
77  88 
77  35 
77  32 

•y 
I 


•^7  2i) 


77  OO 


7  IH 


t  < 


15 


77  10 

77  03 


77  03 


58,0 
30.6 
14.0 
44.8 
31.8 
47.2 
33.0 
07.2 
29.4 
19.7 
15.7 
31.7 
50.8 
10.9 
23. 1 
51 . 6 
35.2 
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Gvotjraii}i%c  jposiiions  lUong  Atlantic  CiHui  Luie  Raihoay^  Rockymount  eaai  to 

Plymouth — ContinQed. 


Htatioiis. 


Water  tank  760  feet  west  of  milepoet  48 

Road  crossing  990  feet  east  of  milepost  51    ... 
JaineHville,  tram  road  croeting  1  mile  west  of 

Jamesville  station . .    . 

Road  crossing  510  feet  east  of  milepost  60 

Road  crossing  2,610  feet  east  of  milei>ost  68  . . 

Plymouth,  tram  road  crossing  west  of    

Plymouth  station 

Plymouth,  riyer  front,  Arst  cross  street . 

Plymouth,  river  front,  last  cross  street  

Plymouth,  north  meridian  mark . 

Plymouth,  south  meridian  mark 


LAtitnde. 


35  49  18. 
85  48  85. 
85  48  38. 
35  48  21. 
35  46  46. 
35  50  38. 
35  51  08. 
35  52  10. 
85  52  07. 
STi  51  59. 
35  51  41. 
35  51  38. 


1 
8 
6 
0 
6 
0 
8 
0 
2 
0 
9 
1 


Ixnu^tude. 


77  02  40.6 

76  59  14.6 

76  54  41.1 

76  58  48.7 

76  49  40.5 

76  47  25.8 

76  45  45.0 

76  44  53.4 

76  44  54.8 

76  45  14.6 

76  45  14. 1 

76  45  14. 1 


OeiPifniphic  jH}sitionH  along  the  Atlantic  Ctxist  Live  RaHtray  from  Washitiglon  to 

Pamiele, 


Stations. 


Latitude. 


Lfoncritndc. 


Cedar  Grove  triangnlation  station,  United  States  Coast 

and  G^eodetic  Survey ' 

Washington  station 

Wharton  station  . 

Pactolus  station  . 

Whichard,  tramroad  crossing?  east  of 


35  31  52.6 
35  32  43.2 
35  35  48.9 
35  37  41.4 
35  41  43.8 


Whichard  station ...1    a5  41  49.3 


Williams  station 


35  45  28.5 


77  02  11.0 
77  03  27.  2 
77  07  19.2 
77  13  02.5 
77  15  13.5 
77  15  16.6 
77  17  15. 1 


(Tvographie  immtums  along  Atlantiv  ( Untut  hiiw  Haitwaif  fnnn  Parmele  to  Kinston. 


StatioiiH. 


latitude. 


Grindool  station      35  45  57.0 

Sawmill,  road  crossing  at -       i  35  41  18.3 

House  station 35  39  15. 5 

Greenville  station 35  36  25.2 

Parksville  station    35  33  40. 1 

Winterville  station 35  3144.2 

Aydenstation   .   '  35  28  20.4 

Flag  station  1 ,300  feet  n3rth  of  mileiiost  72 35  24  25. « 

Grifton  station ...      j  352220.5 

Graini'ers  station 35  19  11.8 


Longitude. 


57. 2 
17.2 
52. 6 
48.5 
20.8 
07.0 
58.0 
36.2 
17.8 
32.0 


It  lU 
77  21 
77  21 
77  22 
77  23 
77  24 
77  24 
77  25 
77  26 
77  30 


rr  Ai^l 
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SOUTH  CAROLINA. 


Primary  Traverse. 


A  line  of  primAry  railroacl  traverse  wa«  niii  l)y  Mr.  S.  Tatiim,  topog- 
rapher, in  IIKK)  frum  the  Columbia  St^te  eapitol  (loented  by  astro- 
nomie  methods  by  the  United  Stat<?»  Coast  and  Geodetic  Survey) 
alon^  the  Southern  Railway  to  Spartanburg,  conn(»eting  with  the 
dome  of  St.  Johns  College,  located  by  triangulation  from  the  oblique 
ar<^  of  the  United  States  Coast  and  Geodetic  Survey.  A  circuit  was 
compleUnl  by  running  from  Carlisle,  of  the  former  line,  eastward 
along  the  Seaboard  Air  Line  Railway  to  Chester;  thence  southward 
along  the  Southern  Railway  to  Columbia.  Another  circuit  was  com- 
pleted by  running  westward  from  Columbia  along  the  Southern  Rail- 
way to  Ijeesville;  thence  north wanl  via  highways  to  Pi-osperity; 
thence  eastward  along  the  Southern  Railway,  (H)nn(*ctiiig  with  the 
first  line  at  Alston. 

Meridian  line«  were  established  at  Chesteir,  Columbia,  Lexington, 
Union,  and  Winnsl>oro. 

Geitgntphic  jHNtitumH  along  SouUicrn  Riiilvxiy  from  Coluvihia  to  Spartanhuiy, 

station. 


Colnmbia.  State  capitol  dome,  United  States  Coast 

and  Geodetic  Survey  astronomic  position 

Road  (Tossing  (near  river  bridge) 

Milepost  7 

Milepoetll 

Bookman  flag  station,  road  crossing  at . 

Littleton  flag  station 

Milepost  t)) 

WallaceviUe  flag  station 

Alston  station 

Road  crossing  2,885  feet  north  of  milepost  133 

Mileposti:U 

Dawkins  station 

Road  crossing  3,050  feet  north  of  milei)ost  125 

Strother  station 

Blair  flag  station 

Beaver  Creek,  center  of  stream . .. 

Lyles  Ford 

MilejK)stll7 

Shelton  station 

Milepost  No.  113 

Road  crossing  383  feet  south  of  inileiMMt  111 


Latitude. 

Lonifitnde . 

«   /    II 

o 

/  II 

33  59  56.8 

81 

02  02.7 

34  01  31.9 

81 

08  53.6 

34  05  06. 1 

81 

05  36.2 

34  07  50.9 

81 

07  57.2 

34  09  44.4 

81 

09  14.8 

34  10  42. 0 

81 

10  39.4 

34  12  32.4 

81 

13  42.3 

34  12  34.4 

81 

15  05.9 

34  14  34. 7 

81 

18  59.2 

34  16  51.9 

81 

20  17.3 

84  18  04. 5 

i  HI 

20  32.9 

34  21  18.8 

'  81 

22  04.8 

34  22  5:3.  7 

1  HI 

22  49. 0 

34  -23  34.2 

1  81 

23  39.8 

34  25  03.  '•) 

;  81 

24  10.4 

34  26  25.4 

81 

24  28.5 

34  27  06.3 

81 

25  01.3 

'  34  28  55.4 

HI 

25  05. 3 

34  20  48. 7 

SI 

25  10.1 

34  32  13.5 

1   HI 

26  07.6 

34  33  50. 4 

i  81 

26  4;i4 
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Ge<Hjr<iphit'  jMutititnis  alinig  Southern  Httilwtiy  frum,  Columbia  to  SjMrianburg— 

Con  tinned. 


SUtion. 


Carlisle  station 

Roa<l  crossing  l,3ii0  feet  north  of  niilepost  1U7 

Sautnck  station  . . 

Roml  crossing  215  feet  south  of  milepost  108 

Road  cr(jflsing  3,818  feet  south  of  milepost  101  

Road  crosHing  245  feet  south  of  milepost  100 

Milepo8t97.. 

Union  station 

Milepost94 . 

Road  crossing  2,3fH)  feet  south  of  milepost  03 

Road  croflsing  1 ,270  feet  south  of  milepost  00 

Lockhart  Junction 

J  oneeville  station .   .   

Road  croHsing  4,255  feet  south  of  mileiK>  t  83    . 

Road  crossing  200  feet  north  of  milepost  82 

Pacolet  station 

Milepost  77. 

Rich  Hill  flag  station  .   

Road  crossing  1  .2(m  feet  north  of  milepost  74 

Glendale  station 

Spartanburg,  dome  of  8t.  John  s  College,  United  States 
Coast  and  Geodetic  Survey  iiosition 


Latitude. 

Ix>ngitnde. 

O      r              II 

34  35  31.2 

81 

1       i> 
27  54.6 

34  36  52. 7 

!  81 

29  20.0 

34  38  00.8 

81 

31  07  8 

34  30  00.2 

81 

31  48.7 

34  40  10.2 

81 

32  41.8 

34  41  11.1 

81 

33  37.4 

34  42  56.2 

81 

35  49. 0 

U  42  55. 8 

81 

37  12.  ;j 

34  44  10.9 

81 

37  58.0 

34  45  20.8 

81 

37  43.4 

34  47  08.4 

81  38  36.4 

34  40  06. 5 

81 

39  01.8 

34  50  07.0 

81 

40  42. 1 

34  51  14.8 

81 

42  12.2 

34  51  53. 9 

81 

48  44.1 

34  53  53.7 

81 

45  ;J4. 9 

34  54  23. 4 

81 

47  31.0 

34  54  11.8 

81 

48  59.7 

34  55  01.5 

81 

50  34. 1 

34  55  24. 1 

81 

51  38.5 

34  57  17.2  ;     81  54  55.6 


GeiHjraithic  poHitioiut  along  Seaboard  Air  Liiie  RaUxixiy  from  Carlutle  to  Chester, 


SUtioii. 


Latitude. 


Longitude. 


// 


Carlisle,   crossing  of  Seaboard  Air   Line   Rwy.  and 

Southern  Rwv  - .         .- 

Broad  River,  right  bank 

Leeds  Mtation 

Milepost  54 

Milepost ."»:{ 

Milepo8t51    .    ..    

Road  crossing  1 ,055  feet  east  of  milepost  50  

Road  crossing  ^  .      . . . 

Chester  station,  Sieaboard  Air  Line  Rwy 


34  35  27.3 
M  37  21.6 
34  37  48.8 
34  38  41.7 
34  :I9  11.5 
34  30  44.6 
34  40  06. 4 
34  42  12. 1 
34  42  30.2 


.SI  27  50.8 
81  25  01.4 
8i  23  40.7 
81  20  42.4 
81  19  52. 4 
81  18  05.3 
81  16  46.2 
81  14  20.3 
81  12  57.8 


»« 
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Qeogntii}i,ic.  iHmtiotm  along  SouOiern  Railifuy  frmn  Chi'Htvr  to  Columbia, 


Station. 


Chester  station.  Southern  Rwy  . . . . . 

Road  crossing  1.017  feet  north  of  niilepost  46. 

Mi.ei>ost4s 

Road  f Tossing  ( bridge  overhead) 

Cornwall  station 

Milepost  54 

Blackstock  station . 

Wo<Mlward  station       . .   . 

Road  crossing  270  feet  south  of  milepost  59  . . 
Road  crossing  700  f<tet  south  of  mileiKwt  01 . . . 

Whiteoak  station 

Milepost  05 ... 

Adgers  station 

Road  (Tossing  550  fi^et  north  of  milepost  69. . . 

Winnslioro  station  . . 

Milei»ortt7:J      

RiM-kton  station 

Milepost  77 

8iiui)8on  station     . 

Milei)OstH0 

Ridgeway  station . . 

Milepost  HI 

Campbells  Hag  station 

MilepostH7  .     

Bly thewood  station     

MileiK>st9:J ... 

Killian  station 

Milepost  97   

Road  crossing  HI 5  feet  north  of  milei>ost  98. . . 

Milepost  1>9     

Dents  flag  station 

Road  crossing  :),475  feet  south  of  milepost  101 

Crossing  of  Sealioard  Air  Line  

Mileiiost  KM 

Columbia,  Hlanding  street  station 
Columbia,  East  (-apitol  street  crossin.;       ..   . 


I^titndf. 

Lf>nffitu<le. 

O                      n 

0 

/    ii 

U   42  16.9 

81 

12  14.5 

34  41  09. 1 

81 

11  28.3 

34  39  22.3 

81 

11  42.6 

34  38  41.9 

81 

11  10.3 

34  36  2:1 4 

81 

10  42.7 

34  34  40.2 

81 

10  20.8 

34  33  29.3 

81 

09  10.1 

34  31  33. 7 

81 

10  14.1 

34  31  12.0 

81 

09  44.3 

34  29  51.1 

81 

08  27.8 

34  28  19. 5 

81 

07  04.6 

;U  27  03. 7 

•  81 

07  14.4 

34  25  59. 0 

81 

07  27. 1 

34  24  38.3 

81 

0.1  41.9 

34  22  33. H 

81 

05  04.0 

34  21  20.8 

81 

04  52.4 

U   20  24.7 

81 

04  46.4 

34  18  49. 0 

81 

02  57. 6 

34  18  3:).  9 

81 

02  48.9 

34  18  :W.4 

81 

00  22.0 

:u  18  18.9 

80 

57  :J9.5 

34  17  31.5 

80 

57  05.3 

34  16  52.4 

HO 

56  59.0 

34  15  13.  () 

80 

57  32.2 

34  12  52.7 

80 

58  24.5 

34  10  3:1. 5 

HO 

57  16.4 

34  08  12.8 

HO 

56  48. 5 

34  07  16. 7 

80 

5<J  45.8 

U  06  44.2 

H() 

56  50.4 

:W  05  4H.  6 

HO 

57  36.8 

34  05  08. 2 

80 

58  27.7 

M   03  58.6 

80 

•)o  Do.  0 

34  03  16.2 

81 

00  10.2 

34  02  34. 2 

81 

00  38.6 

34  00  39. 2 

81 

01  29.0 

33  59  21.5 

81 

01  46.8 
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Oeographie  jHmtiorut  along  Sfmthem  Rttilway/ram  Columbia  to  Leearille, 


Station. 


Broad  Riyer,  east  bank.   

Cayce  station 

Road  crossing  250  feet  west  nf  niileiK)8t  114 

Arthur  station 

MilepostllO 

Lexington  station 

Barrs  station 

Shninpert  station 

Milepostl29 

Gil  liert  station 

Snwmit  station  .  

Fredonia  station 

Leesville  station  .    . . 


LAtitnde. 


38  58 
33  58 
33  58 
33  58 
38  58 
38  57 
33  56 
33  55 
33  55 
33  55 
38  55 
33  55 
33  54 


fjongitnile. 


35.0 
23.  A 
33.2 
11.2 
17.5 
Oo.  S 
17.5 
50.6 
25.4 
24.7 
24.7 
38.6 
59.9 


81  02 
81  03 
81  07 
81  08 
81  12 
81  14 
81  17 
81  20 
81  21 
81  23 
81  25 
81  27 
81  30 


48.1 
19.8 
15.7 
48.3 
17.6 
05.2 
36.4 
05.2 
24.7 
37.6 
20.6 
44.4 
46.5 


Oeoffraphic  positions  along  highivay  from  LeeaviUe  to  Proaperity. 


Htation. 


Latitnde.       i    Loni^tude. 


i 


Crossing  of  Hollow  Creek . . 

Delmar  ])oet  office,  road  crossing  2  miles  south  of 

Deliuar  }>o8t-office 

Delmar  ixMt-office,  1 A  miles  north  of,  crossing  of  roads 

Dnpler  post-office 

Baptist  Church v 

Saluda  River,  south  l>ank.  

Upwell _ 

Oneal  School 

Prospenty .  3  miles  south  of.  road  forks 

Prosper!  ty.  2  mi  les  south  of ,  road  cro8sing(  Columbia  road ) 


33  56  59.1 

• 
81 

1      ti 
32  02.4 

33  59  14.7 

81 

31  19.8 

34  00  38.0 

81 

30  41.3 

34  01  29.4 

81 

29  51.9 

34  03  00.1 

81 

29  42.9 

34  03  :W.6 

81 

29  50.0 

34  04  45. 1 

81 

29  07.0 

34  a-S  22.6 

81 

28  48.1 

34  07  00. 7 

81 

30  14.6 

34  10  27. 5 

81 

32  07.1 

34  10  48. 4 

81 

31  56.2 

Oeographie  jHmtions  along  Southern  Railway  fi^oni  Prosperity  to  Alston, 


Stotirm. 


Prosperity,  crossing  Southern  Rwy.  and  street.. 

Road  crossing  1 ,02.*)  feet  west  of  milepost  39. 

Road  crossing  1,992  feet  west  of  milepost  37 

Road  crossing  1 ,920  feet  west  of  milepost  36 

Road  crossing,  overhead  bridge 

Pomaria  station 

Road  crossing  2,12.">  feet  east  of  milepost  29 

Road  crossing  2,905  feet  east  of  mi  lei)ost  27 

Road  crossing  297  feet  west  of  milepost  20 

Peaks  station 

Alston  station _ 


latitude. 


I^niritade. 


u 


34 
34 
34 
34 
34 
34 
34 
34 
34 
U 
34 


12  30.8 
12  34.8 

12  59.2 

13  08.9 

13  49.2 
15  43. 0 
15  43.4 

14  41.2 
14  29.0 
14  29.2 
14  84.7 


81  32 
81  31 
81  29 
81  28 
81  26 
81  24 
81  22 
81  20 
81  20 
81  19 
81  18 


57.4 
27.6 
38.4 
36. 5 
56.3 
47.8 
05.2 
19.4 
02.0 
22.4 
59.2 
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Meridian  Marks. 
CHESTER,  (^.HESTER  C^OUNTY. 

Location  of  HtAtion:  In  cit}''  park,  just,  oast  of  sinnniit  house,  on  top 
of  knoll. 

Station  mark :  A  marble  post  48  by  8  by  ft  inches,  set  40  inches  in 
the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tablet. 

Distant  mark:  North  of  station  458  feet,  a  marble  post  48  by  8  by  8 
inches,  set  46  inches  in  the  j^round,  in  centner  of  top  (»f  whi<*h  is 
cemented  a  bronze  tablet. 

Local  reference:  .Tames  Hamilton,  jr.,  city  engineer. 

COLUMBIA,    RICHLAND   COUNTY. 

Location  of  station :  In  State  College  park,  east  of  <H)llege  building 
aii<l  just  north  of  street  forming  southern  lioundary  of  park. 

Station  mark:  A  marble  post  48  by  0  by  0  in(*]ieM,  set  4H  iiu^hes  in 
the  ground,  in  the  center  of  top  of  which  is  cemente<l  a  l>ix>nze  tablet. 

Distant  mark:  North  of  station,  a  marble  iM>st  48  by  8  by  8 inches, 
set  46  inches  in  the  gmund,  in  top  of.  which  is  cemented  a  bronze 
t.ablet. 

Local  referef :  Professor  Colcock. 

LEXINGTON,   LEXINGTON  (BOUNTY. 

Location  of  station:  In  city  [>ark,  near  southeast  corner,  al>out  10 
feet  north  of  south  side. 

Station  mark:  A  granit>e  post  48  by  10  by  10  inches,  set  4r»  inches 
in  the  ground,  with  bronzi*  tablet  cemente<l  in  top. 

Distant  mark:  A  granite  post  48  by  10  by  10  inches,  set  46  inches 
in  ground,  .'$60.5  feet  distant,  in  northeast  corner  of  city  ceinet-ery. 

UNION,  UNION   COUNTY. 

Ix>cation  of  station :  In  grounds  surrounding  Union  High  School, 
west  of  high-school  building  and  north  of  street  forming  southern 
boundary  of  grounds. 

Station  mark :  A  marble  iK)st  42  by  8  by  8  inches,  set  40  inches  in 
the  ground,  in  the  center  of  top  of  which  is  cemented  a  bronze  tablet. 

Distant  mark:  North  of  station  371  feet,  near  northern  Ijoundary 
of  high-.school  grounds,  a  marble  [)ost  42  by  8  by  8  inches,  set  40 
inches  in  the  ground,  in  the  center  of  top  of  which  is  cemente<l  a 
l)ronze  tablet. 

Resident  referee:  C^olonel  Young. 

WINNSBORO,  FAIRFIELD   COUNTY. 

Location  of  station:  In  park  in  front  of  WinnslK>ro  College,  about 
200  feet  west  of  east  side  of  park  and  5  feet  north  of  south  side  of 
park. 


i 
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Station  mark:  A  i^raniU'  |>oHt  48  by  H  by  S  inrhos,  set  40  iiiehos  in 
ihei  ground,  with  bronze  tablet  oenient^Ml  in  U>p. 

Distant  mark:  North  of  station  H4H  Uh»U  a  «rranit4»  [Hist  4S  by  S  by 
8  jncheH,  set  40  inclies  in  ground. 

L<K*al  refer«M»:   I^resident  WinnslMM'o  College. 

CKNTRAL  HKCrriON  OF  TOIHMiRAPUY. 

OHIO. 

Primary  Traverse. 

The  following  geographic  positionK  were  determined  from  primary 
traverse  in  IIXK)  by  Mr.  (r^^orge  T.  Hawkins,  topogi'apher. 

Starting  from  United  Slates  Coiist  an<l  (Teodetic  Survey  astn^noniic 
pier  at  Mount  Lookout,  Oineinnati,  the  line  follows  the  Haltimoi*e  and 
Ohio  Southwestern  and  Jialtimore  and  Ohio  railroa<1s  to  C^'<»lumbu.s, 
Ohio;  thence  along  the  Iloeking  Valley  Railnmd  U)  Toledo,  Ohio, 
whei-e  it  was  tied  to  St.  Mary's  C/hurch  spire  (United  States  Lake  Sur- 
vey stjition);  thonee  back  to  Columbus,  foHowing  line  of  Toleilo  and 
Ohio  (-entral  Railway,  and  e<mneetcHl  with  original  line.  Meridian 
lines  W(»re  esUiblished  at  Bowling  GrecMi,  Delawaire,  Findlay,  Kent<m, 
Marysville,  Upj)er  Sandusky,  an<l  Washington  Court-House. 

OeiMjrapliic  jfositioiut  along  Baltimore  and  Ohio  S(mthireMern  ami  Baltimore  and 

Ohio  ntilroadH  frmn  Chwintuiti  to  ColumbuH, 


Station.  Jjatitude.  I»Q{ritude. 


(iJincitinati,  Mount  Lookout  Jistrononiic  pier     30  08  21.03  84  2/1  21.53 

Madisonville  station :W  ()0  26.0  84  23  40.0 

East  Madison ville  station ....    80  09  3"  3  84  23  10.0 

Madeira  station --    30  11  11.0  84  2145.0 

Alhmdale  station 30  1140.2  84  20  34.4 

Remington  station    30  13  3.5.8  84  10  26.7 

Symmes  station      30  14  TiO.O  84  17  45.8 

Camp  (Ground  station 3J)  15  18.2  84  10  47.5 

Loveland,  crossing  of    Pennsylvania  and  Baltimore 

and  Ohio  Southwestern  railways 30  16  00. 0  84  15  31.0 

Hills  station,  crossing  340  feet  west  of 31)  15  18.  7  84  1 1   17. 7 

Cozaddale  station,  crossing  sO  feet  west  of    I  39  16  15. 2  84  09  30. 0 

Pleasant  Plain  station,  crossing  110  feet  west  of j  39  16  47.5  84  06  43.6 

Windsor  station,  crossing  40  feet  west  of :'»9  17  04. 0  84  02  50. 5 

Blanchester  station,  crossing  320  feet  ea.st  of 30  17  31.4  8:^  50  14.2 

Midland  station,  crossing  310  feet  west  of 39  18  13.  7  83  54  a5. 4 

Midland  station      -  ,  39  18  14.4  83  54  31. 5 

I 

Cuba  station,  crossing  under  railway  3o;)  .'ft  south  of.,  39  21  41.U  83  51  68.1 
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Chiographic  paaitions  along  Baltimore  aiid  Ohio  Southwenteni  and  BalHinorv  and 
Ohio  railroiuU  from  Cincinnati  to  Colunilnis — (Continued. 


BUtion. 


MileiMMt  52,  crossing  450  feet  north  of 

Wiluiington,  Baltimore  and  Ohio  station  at 

Blind  siding,  crossing  450  feet  west  of  head  block  at . 

Melvin  station,  crossing  200  feet  east  of  .  .   

Reesville,  crossing  at   . 

Sabina  station,  crossing  100  feet  west  of 

Milepost  69,  crossing  800  feet  west  of 

Rattlesnake,  crossing  over  railroad  at. 

Jasper  Mills,  crossing  at 

Washington  Conrt-Honse,  south  azimuth  stone  1,400 
feet  southward  from  Baltimore  and  Ohio  station, 
near  cx>al  chutes  6  feet  east  of  main  track.  11  feet 
from  end  of  bulkhead  leading  to  elevated  tracks.  A 
limestone  post.  3A  by  8  by  8  inches,  set  ^lii  inches  in 
the  ground,  in  the  center  of  top  of  which  is  cemented 
a  bronze  meridian  tablet.  Distant  mark  is  a  copper 
bolt  cemented  in  east  abutment  of  wagon  bridge. 
Azimuth  218  12  45".  Distance  from  south  stone 
1.093  feet 

Washington  Court-House,  crossing  of  Baltimore  and 
Ohio  and  Cincinnati,  Hamilton  and  Dayton  railways. 

Fayette  station 

Bloomingbnrg  station,  crossing  800  feet  east  of 

Ma<li8on  Mills  station,  crossing  30  feet  eant  of.  

Cook  station,  crossing  200  feet  east  of 

Mount  Sterling  station,  300  feet  east  of  Main  street 
crossing 

Era  station,  crossing  430  feet  west  of  . 

Derby  station,  crossing  350  feet  west  of 

Morgan  station,  crossing  100  feet  west  of 

Pleasant  Comers  station,  crossing  100  feet  southwest  of 

Grove  City  station,  crossing  100  feet  southwest  of 

Urbaucrest  station,  crossing  100  feet  northeast  of 

Briggsdale  station,  crossing  50  feet  northeast  of 

United  States  G^eological  Survey  triangulation station, 
north  base 

Columbus,  crossing  Baltimore  and  Ohio  Railway  and 
Broad  street 


T^titnde. 

Liongitude. 

O     1               fi 

O    /      // 

39  28  59. 4 

83  51  17.8 

39  26  36. 6 

88  49  25.2 

89  2T  56. 2 

83  45  05.3 

39  28  24. 8 

83  43  01.2 

39  28  57. 1 

83  40  41.2 

39  29  33. 6 

as  38  07. 4 

39  80  12.2 

83  35  19.4 

39  30  41.8 

as  38  09. 4 

39  31  08.0 

83  3t  14.4 

39  32  04.0 

as  26  53.7 

39  32  13.3 

83  26  43.4 

39  34  09.9 

83  25  13.7 

39  36  22. 7 

as  28  17.4 

39  39  13.5 

88  20  21.4 

39  40  59. 4 

83  18  24.8 

39  48  17.6 

H8  16  08.7 

39  44  28.2 

S3  14  88. 1 

39  46  08.4 

as  12  20.5 

39  48  17.8 

as  09  19.5 

39  50  87. 5 

m  07  41.1 

39  52  59.7 

83  05  44. 3 

39  53  53.2 

H3  05  00.4 

39  55  3(;.0 

Ki  03  36. 1 

39  55  57.3 

83  03  18.6 

39  57  31.9 

1  83  01  54.4 

154       PRIMARY  TRIAN(4lTLATION  AND  PRIMARY  TRAVERSE.    iBou-Wl. 
FfMntiotiH  along  Hacking  Valley  Hail ttniy  from.  Cotumbu*  to  ToledtK 


HUtion. 


latitude. 


Crossing  Hocking  Valley  Railway  ami  pike  road  east 
and  west 

ColumbnM,  Lane  avenne  station*  crossing  iriO  feet 
south  of 

Olentangy  station,  crossing  under  railway  .ViO  feet 
north  of 

Elm  wood  station,  crossing  2<)0  feet  south  of 

Milepost  113,  crossing  850  feet  north  of 

Powell  station,  (Tossing  16i)  feet  south  of 

Milepost  107,  crossing  170  feet  south  of 

Hyatts  station,  crossing  1 ,200  feet  south  of 

Milepost  103,  crossing  340  feet  south  of 

Crossing  telephone  line 

Delaware,  south  a^jmuth  stone.  30  feet  southeast  of 
*'  Big  Four  *'  and  Hocking  Valley  railways.  A  lime- 
stone post,  2S  by  A  by  A  inches,  set  28  inches  in  the 
ground,  in  the  center  of  top  of  which  is  cemi^ited  a 
bronze  meridian  tablet.    Azimuth  185  10 

I>elaware.  north  azimuth  stone,  105  feet  north  of  cen- 
ter of  street  and  72  feet  east  of  railroad.  A  lime- 
stone post.  36  by  6  by  0  inches,  set  30  inches  in  the 
ground;  in  center  of  top  is  cemented  a  copper  bolt. 
Azimuth  5    10 

Delaware  station,  crossing  50  feet  north  of 

Siding,  crossing  150  feet  south  of  south  end  of 

Milepost  95,  crossing  200  feet  north  of.     . 

Radnor  station,  crossing  160  feet  north  of 

Mileposts  90  and  91 ,  crossing  halfway  between 

Prospect  station,  crossing  at 

Crossing,  four  corners 

Owen  station,  crossing  600  feet  north  of 

Mileposts  79  and  80,  crossing  halfway  between 

Marion  station,  14o  feet  south  of  Main  street  crossing. . 

Marion,  south  azimuth  stone,  225  feet  north  of  '*  Big 
Four  "  crossing  and  45  feet  north  of  tool  house,  be- 
tween Y  tracks  and  main  line  of  Hocking  Valley 
Railway.  A  limestone  post,  40  by  7  by  0  inches,  set 
40  inches  in  the  ground,  in  the  center  of  top  of 
which  is  cemented  a  bronze  meridian  tablet.  Dis- 
tant mark  is  spire  of  Catholic  Church.  Azimuth  of 
same  is  259' 11' 30 

Crossing  under  railroad    


39  .59  16.8 

40  00  24.3 

40  08  48. 5 
40  on  25.2 
40  07  01.8 
40  09  29.6 
40  11  44.5 
40  12  58.3 
40  15  12.6 
40  17  18.3 


Loniritnde. 


83  01  :rr.  t 

83  01  55.5 

83  02  48.1 

83  03  09.4 

83  as  30.7 

as  04  42.3 

88  05  22.7 

83  a5  17.6 

83  05  08.5 

83  04  59.(t 


I  * 


40  17  34.5 


83  04  58.4 


40  17  47.0 

8:^  04  56.9 

40  17  58.7 

as  04  57.4 

40  20  00.3 

83  06  03.3 

40  21  51.6 

83  07  15.9 

40  23  09.6 

83  08  06.0 

40  25  22. 7 

83  09  39.1 

40  27  06. 1 

88  10  45.7 

40  29  28.0 

83  09  59.3 

40  31  13.2 

83  09  28.6 

40  34  81.3 

83  08  30.8 

40  35  19.2 

83  08  28.0 

40  35  25.0 
40  38  01.5 


88  08  80.1 
83  10  25.1 


WILSON  ET  AL.1 
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Poaituiiis  along  Hocking  Valley  RaUtvay  frinn  Columlntn  tn  Tola  In — Con  tinned. 


Station. 


Bf  orrul  station,  crossing  160  feet  north  of 

T. :{  S.,  R.  14  E.,  i  comer  between  sees.  8:^  and  34 

Harpster  station 

j 

Mil<^po8t  03,  crossing  1,180  feet  north  of 

Upper  Sandnsky,  sonth  aziinnth  stone,  9  feet  east  of  ^ 
railway  and  1,395  feet  distant  from  north  Htone.    A 
limestone  post,  30  by  5  by  5  inches,  set  30  inches  in 
the  ground,  in  the  center  of  top  of  \%'hich  is  ce- 
mented a  bronze  meridian  tablet.    Azimuth  180 
18  30 

Upper  Sandusky,  north  azimuth  stone  55  feet  south 
and  150  feet  east  of  crossing  of  Pittsburg,  Fort 
Wayne  and  Chicago  Railway  and  Hocking  Valley 
Railway,  11  feet  east  of  Hocking  Valley  Railway. 
A  limestone  post  38  by  6  by  6  inches,  set  34  inches  in 
the  ground,  in  center  of  top  is  cemented  a  copper 
IxAt 

Upper  Sandusky  station 

T.  2  8.,  R.  14  £.,  west  comer  of  sees.  19  and  30 

Crossing  at  flag  station 

C*rawford  station,  crossing  at 

Carey  station,  crossing  south  of 

Carey,  south  azimuth  stone.  A  copper  bolt  sunk  and 
cemented  in  south  abutment  of  bridge  north  of  sta- 
tion, on  second  stone  and  4  feet  east  of  east  rail. 
Azimuth  151    40  20"  to  north  mark 

Carey,  north  azimuth  stone,  339  feet  north  of  *'Big 
Four  *'  crossing.  8  feet  southeast  of  Northern  Ohio 
crossing  and  3|  feet  east  of  east  rail  on  Hocking  Val- 
ley Railway.  A  marble  post  24  by  8  by  8  inches,  set 
24  inches  in  the  ground,  in  center  of  top  is  cemented 
a  copper  bolt. . 

}  comer  north  of  sec.  5  on  base  line,  range  13  £ 

Mileposc45,  crossing  900  feet  north  of 

Alvada  station,  crossing  100  feet  north  of 

Siding,  crossing  190  feet  south  of  south  end  of 

Crossing  of  telephone  line 

Foetoria,  south  azimuth  stone,  7  feet  east  of  east  rail 
on  Hocking  Valley  Railway,  in  arch  culvert  east  of 
Fostoria  Bulb  and  Bottle  Co.'a  Works.  A  bronze 
meridian  tablet  cemented  in  culvert  Azimuth, 
179    85  36 


latitude. 

ft        t  n 

40  41  12.4 
40  44  17.6 
40  44  20. 4 
40  47  19.8 


IjOiiKitiide. 


n 


83  12  45.6 

83  14  44.8 
83  15  04. 2 
8:^  17  12. 1 


40  49  14.8 


40  49  28. 6 
40  49  30. 0 
40  50  49. 7 
40  53  26.8  ■ 
40  55  05. 2  ' 
40  57  04.2  i 


40  57  22.9 

40  59  31.7 

41  01  43.4 
41  03  00. 7 
41  05  38. 5 
41  07  23. 2 


41  08  38.8 


83  17  31.4 


83  17  31.3 
83  17  31.3 
83  18  16.6 
83  19  54.7 
8:^  21  03. 8 
83  22  28.3 


40  57  10.3   83  22  32.6 


83  22  41.5 

83  23  49. 1 

m  24  10.0 

83  24  24. 1 

8:}  24  23. 1 

8:<  24  24. 0 


83  24  24.6 


156       PRIMARY  TRIANUULATION  AND  PRIMARY  TRAVERSE.    [bulu181 
T\MituttiH  aUtiuj  Hocking  Valley  Railway  from  ColumbuM  to  Tftledtt — Continaed. 


Htaticm. 


I^Afcitude. 


Longitude. 


Foetoria,  north  azimuth  stone,  500  feet  south  of  Balti- 
more and  (^hio  and  Hocking  Valley  crofising,  and  7 
feet  enst  of  east  rail  of  Hocking  Valley  Railway. 
A  sandstone  iKwt  3U  by  H  by  H  inches,  set  'U  inches 
in  the  ground,  in  the  center  of  top  is  cemented  a 
copper  lK)lt 

Foetoria,  Hocking  Valley  Railway,  and  Toledo  and 
Ohio  Central  Railway,  and  streetcar  crossing. 

Fostona  station,  Hocking  Valley  Railway    . . 

MileiKMst  88«  crossing  1 ,300  feet  north  of 

Longley  station,  crossing  3*i0  feet  north  of 

T.  8N.,R8.  12 and  13  E,.  cor.  sees.  7, 18, 13, 12. 

Risingsun  station,  crossing  130  feet  south  of   

T.4  N..R.  12  E., comer  sees.  1M2, 13. and  14 

Bradner  station,  crossing  150  feet  north  of 

M ile]X)st  21 ,  crossing  840  feet  south  of 

Pemberville  station,  crossing  80  feet  north  of 

T.  5  N.,  R.  12  E. ,  comer  sees.  2, 3, 10. 11 

Milepost  16,  crossing  480  feet  south  of 

Lemoyne  station  . .  

Pike  rrossing 


41  09  01.2  1 

1 

S3  24  24.8 

41  (K)  13.0 

0 

9,\  24  25.6 

41  09  40.7 

83  24  Ti,\ 

41  12  11.9 

83  25  02. 2 

41  13  20.6 

83  25  14.3 

41  13  29.6 

K3  25  13.7 

41  16  06.8 

.S3  25  43.4 

41  IK  43..*) 

H3  26  14.6 

41  19  22.6 

^\  2<J  17.8 

41  22  12. 1 

83. 26  47. 5 

41  24  28.6 

83  27  11.3 

41  24  49.6 

as  27  16.7 

41  26  33.2 

83  27  39.9 

41  29  39.6  , 

83  28  25.7 

41  29  45.2 

8:^  28  27.0 

PttHitiotiM  along  Uie  Toledo  and  Ohio  Central  Raihvay  Itettreen  Toledo  and 

ColundmH, 


Station. 


■  I  - 


Lime  C'ity,  cros.sing  of  telephone  line  road  at 

Crossing  of  telephone  line  road    .   . 

Dowling  station,  (crossing  250  feet  north  of 

Dowling.  1  j  miles  southeast  of,  corner  sees.  20, 21 .  28, 29. 

Telephone  line  road 

Bowling  (ireen  station,  200  feet  north  of,  telephone 

road  crossing 

Corner  Ts.  4  and  5  N.,  Rs.  10  and  11  E 

Portage  station,  crossing  150  feet  south  of 

Menuill  station,  crossing  200  feet  north  of 

Comer  Ts.  3  and  4  N.,  Rs.  10  and  HE 

Cygnet  station ,  crossing  270  feet  north  of 

Milepost  JVi,  crossing  at  

West  corner  sees.  30  and  31,  T.  3  N.,  R.  11  E 


Latitude. 

Ix>nsritude. 

o      •      >• 

41  32  06.2 

83  :M  01.8 

41  29  50.4 

8Ji  m   15.5 

41  28  40.4 

s:^  .35  5i.6 

41  27  27.8 

H3  36  :55.4 

41  25  13.3 

83  37  46.2 

41  22  33. 2 

83  38  40.8 

41  20  31.3 

83  39  02. 4 

41  19  35.9 

8:^  :«  44.8 

41  17  51.0 

8:)  38  44.3 

41  15  14.0 

83  39  00.6 

41  14  23.5 

83  38  43.3 

41  12  40.0 

88  38  42.8 

41  10  55.8 

83  38  57.6 
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Positions  aUmg  the  T0M4}  aiui  Ohio  Central  Railmjy  Iwttreen  Toledo  and 

Columhtis — Continued. 


station. 


Galatea.  Baltimore  and  Ohio,  and  Toledo  and  Ohio 
( 'entral  crossing 

Vauburen  station,  crossing  12<)  feet  south  of 

Mortimer,  crossing  465  feet  south  of  railways 

Mortimer  station 

Corner  Ts.  I  and2N.,BB.  10  and  HE 

Korth  Findiay,  cnjssing  of  Lake  Erie  and  Western 
Railway .. 

Findiay.  north  azimuth  stone  at  7)iO  feet  north  of ''  Big 
Four  "  crossing,  :32()  feet  north  of  street,  and  5  feet 
east  of  east  rail  of  Toledo  and  Ohio  Central  Railway. 
A  limestone  post  36  by  7  by  5  inches,  set  34  inches 
in  the  ground.     A  copper  bolt  is  cemented  in  top 

Findiay.  south  azimuth  stone.  268  feet  south  of  *'Big 
Four"  crossing,  4  feet  north  of  sidewalk  on  Main 
street,  and  1 7  feet  west  of  west  rail  of  Toledo  and 
Ohio  Central  Rail  way.  A  limestone  post  40  by  7  by 
5  inches  set ;( » inches  in  ground,  in  center  of  top  of 
which  is  cemented  a  bronze  meridian  tablet.  Azi- 
muth 178   02  30  "  to  north  stone 

Findiay  station . 

Findiay.  crossing  of  Toledo  and  Ohio  Central  Railway 
and  Findiay,  Fort  Wayne  and  Western  Railway    . 

MileiK)st  46,  crossing  250  feet  south  of 

Base  line  crossing 

Milepost  49,  crossing  130  feet  south  of. 

Milepost  51 .  crossing  200  feet  south  of 

Corner  Ts.  1  and  2  S. .  Rs.  10  and  HE 

Northern  Ohio  Railway  crossing 

Arlington  station,  crossing  180  feet  north  of . 

3Iilepost  56,  crossing  470  feet  south  of. 

Williamstown  station,  crossing  70  feet  south  of 

Comer  Ts.  2and3S.,  Rs.  lOand  11  E 

Dunkirk  station,  crossing  JMK)  feet  north  of 

Pittsburg,  Fort  Wayne  and  Chicago  Railway  crossing 

Milepost  64,  crossing  910  feet  south  of '. 

Blanchard  station,  150  feet  north  of:  telephone  line 
road  crossing .. 

Mile|K)et  67,  crossing  500  feet  south  of 

Milepost  69,  crossing  under  railway  450  feet  south  of . 


latitude. 


Lonfritiide. 


41  10  40.8  83  ;38  42.8 

41  08  17.5  83  lis  42.8 

41  06  33.4  I  83  38  42.9 

41  06  38.0  j  83  38  42.9 

41  04  49.9  I  83  38  58.3 


41  02  50.7 


41  02  23.4 


83  38  42.2 


SS  38  m,  9 


41  02  15.0   83  38  38.5 


41  02  11.0 

as  38  37.9 

41  01  20.4 

8:3  38  32.2 

41  00  28.2 

8:^  'AH  28. 1 

40  59  36.0 

83  38  27.9 

^0  57  53. 4 

83  38  38.5 

40  5<i  08.2 

83  38  32.4 

40  54  23. 3 

83  39  03.7 

40  5;*  56.8 

83  38  48.7 

40  53  34.9 

83  38  48.9 

40  51  46.2 

83  38  49.6 

40  50  01.6 

83  38  49.8 

40  49  09. 7 

83  39  01.6 

40  47  24. 5 

83  :«  49. 8 

40  47  17.9 

83  ;W  49. 9 

40  -14  46. 5 

83  :W  34. 9 

40  43  54.2 

83  38  35.6 

40  42  11.0 

83  m  36.1 

40  40  30.3 

.  83  38  35.1 
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l\uiiiiouH  altmij  tfie  TiUetUt  and  Ohio  Ceritnil  RaUiray  Itetwetm  Tote^io  aiul 

Columbua — Continued. 


Htation. 


Pike  <*ro88ing 

Kenton,  northwest  azimuth  stone  9  feet  Kouth  of  south 
rail  on  Toledo  and  Ohio  Central  Railway  and  12  feet 
northwest  of  switch  blo(*k.  A  sandstone  post  •%  by 
6  by  6  inches,  set  28  inches  in  ground,  in  center  of  top 
of  which  is  cemented  a  bronze  meridian  tablet.  Ai^i- 
muth  273   48  22    to  southeast  stone 

Kenton,  southeast  azimuth  stone  on  middle  pier  of 
'*Big  Four*'  Railway  bridge  over  Scioto  River  and 
Toledo  and  Ohio  Central  Railway:  15  feet  south  of 
Toledo  and  Ohio  Central  Railway  and  3^  feet  west 
of  west  rail  of  '*  Big  Four  "  Railway.  A  copper  bolt 
in  top  of  stonework 

Kenton  station,  street  crossing  1 40  feet  east  of 

Erie  Railway  crossing .   . .      

Siding,  (Tossing  70  feet  north  of  north  end  of 

**  Big  Four  "  Railway  crossing .   

Ridgeway  station,  crossing  1 75  feet  south  of 

Milepoets  83  and  84,  crossing  halfway  between,  1,450 
feet  north  of  creek 

Milepoet  86,  crossing  480  feet  north  of 

West  Mansfield,  main  road  running  north  from 

MileiKMt  91 ,  crossing  8*^0  feet  south  of 

Lunda  station,  crossing  400  feet  south  of 

Raymonds  station,  crossing  180  feet  northwest  of 

Peoria.  Erie  Railway  crossing  at 

Milepost  08,  crossing  1 ,340  feet  south  of 

Siding,  crossing  120  feet  north  of  north  end  of 

Marysville  station,  crossing  100  feet  east  of 

Marysville,  north  azimuth  stone  at  940  feet  north  of 
*•  Big  Four"  crossing.  450  feet  north  of  north  end  of 
Y,  2(H)  feet  north  of  east  and  west  road,  and  16  feet 
east  of  east  rail  of  Toledo  tmd  Ohio  Central  Railway. 
A  sandstone  post  30  by  6  by  6  inches,  set  26  inches 
in  ground;  in  center  of  top  is  cemented  a  copper  lx>lt. 

Marysville,  south  azimuth  stone  at  613  feet  south  of 
crossing  of  *•  Big  Four  "  Railway,  6  feet  east  of  east 
rail  of  Toledo  and  Ohio  Central  Railway.  A  sand- 
stone i)ost  30  by  6  by  (>  inches,  set  28  inches  in  ground, 
in  center  of  top  of  which  is  cemented  a  bron/ij  me- 
ridian tablet.     Azimuth  139   43  20    to  north  stone  . . 


lAtitncl«. 


40  39  19.2 


Lonfdtude. 


83  37  59.9 


4r»  38  40. 8       88  36  58. 1 


1 


40  38  40.0 
40  38  36.9 
40  38  00.6 
40  34  35.9 
40  31  09. 6 
40  30  57.9 


40  29 
40  27 
40  24 

40  23 

41  21 
40  19 
40  18 
40  18 
40  16 
40  14 


21.1 
11.0 
34.3 
59. 3 
59.2 
56.2 
39.2 
a5.4 
28.9 
25.7 


40  14  12.8 


83  36  42.2 
83  36  29.2 
8:}  35  47.2 
83  34  29.9 
83  33  47.6 
83  33  46.1 

83  33  33.6 

83  33  16.9 

8:i  32  46.7 

83  31  24.0 

83  30  31.7 

83  28  11.5 

83  27  04.0 

83  26  34.9 

83  25  11.7 

83  22  13.5 


88  21  15.7 


40  14  01.1   88  21  02.8 


WII.80ai  ET  Ab.] 


OHIO. 


159 


Positions  idong  the  Toledo  ami  Ohio  Ceuintl  Railitxiy  hetirpen  Toledo  mul 

Ccdumbus — CoDtirned. 


SUtion. 


Latitude 


» 


Milepost  106,  830  feet  south  of  pike  and  telephone  line 
croesing 

Milepost  108,  crossing  1  ^'S'ti)  ieet  sonth  of 

Blind  siding,  crossing  20  feet  northwest  of  head  block. 

Milepost  \IX  pike  crossing  5  0  feet  southeast  of 

Arnold  station,  580  feet  southeast  of  pike  and  tele- 
phone line  crossing 

Flag  station,  telephone  line  200  feet  southeast  of 

Amlin  station,  crossing  100  feet  northwest  ot . 

Milepost  122.  (Tossing  300  feet  southeast  of 

Telephone-line  crossing. 

Toledo  and  Ohio  Central  Railway  and  Pennsylvania 
Railway  crossing . . 

Milepost  127.  crossing  at 


40  13  36.3 
40  12  08.2 
40  10  06. 4 
40  08  54.0 

40  08  27.4 
40  06  15.6 
40  04  36. 4 
40  02  54.5 
40  01  56.6 

40  00  04.5 
39  59  36. 1 


Lfjnifitnde. 


II 


83  20  36. 1 
m  19  00.5 
83  16  48.5 
83  15  30.0 

83  15  01.2 
83  12  38.5 
8;^  10  51. 1 
83  09  01.0 
83  07  58.4 

83  05  57. 4 
83  05  26. 7 


Meridian  Marks. 
BOWLING   GREEN,  WOOD   COUNTY. 

L(K*^tioii  of  stntloii:  In  wouthwest  troriier  of  <*(Mirt-lM)Use  |;ruiiiidH. 

Stntion  itmrk:  A  liiiieHtone  iwsl  36  by  7  by  5  inches,  set  .'U  inches 
in  the  j;roun<l,  in  the  center  of  top  of  which  is  countersunk  and 
cemented  a  bronw*  tablet. 

Reference  mark:  West  line  of  grounds  21  feet;  south  line  of 
grounds  12  feet. 

Distant  mark:  North  of  station  352  feet,  a  limestone  post  36  by  7 
by  5  inches,  set  36  inches  in  the  ground,  having  a  copi>er  bolt  cemented 
in  its  top. 

liesident  refeive:  County  clerk. 

DELAWARE,  DELAWARE  COUNTY. 

L<K*ation  of  st-ation:  In  western  part  of  college  grounds. 

Station  mark:  A  limest4>ne  iMxst  3t)  by  6  by  6  inches,  set  33  inches 
in  the  ground,  in  the  cent<»r  of  top  of  which  is  count»ersunk  and 
<*emented  a  bronssc^  tablet. 

Reference  mark:  Fountain  Invars  S.  68 '  W.,  distance  69  feet;  west- 
ern line  of  college  grounds  50  h^i  east. 

Distant  mark:  Nortli  of  station  480  f<»et,  a  limestone  iM>st  24  by  6 
by  6  inches,  set  24  inches  in  the  ground  and  having  a  cop|)er  lx)lt 
oemented  in  it«  top. 

Resident  referee:  Custodian  of  college  buildings. 
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KINDLAV,  HANCOCK   COUNTY. 

L(K*Hti<)ti  of  slalion:  In  HDUtheaHi  paH.  of  (H>llege  groiiiKls. 

Station  mark:  A  HandKU>ne  po8t  Mi  by  0  by  0  incheH,  Het  32  inches 
in  the  ground,  in  the  center  of  t^)p  of  which  \h  countersunk  and 
cenu»nt4^d  a  bronze  tablet. 

Reference  mark:  Twenty- four  feet  from  Houth  fence,  15  feet.  fn)iii 
east  fence,  and  41  feet  from  water  i)lug  at  corner. 

Distant  mark:  North  of  station  525  feet,  a  sandstone  jnist  'M  by 
6  by  6  inches,  set  'M  inches  in  the  ground,  having  a  copper  Iwlt 
cemented  in  its  top. 

Resident  referee:  Pivsident  of  the  school  of  the  Church  of  G<n!. 

KENTON,  HARDIN  COUNTY. 

Ijocation  of  station:  In  southeast  luirt  of  public-school  yard. 

Station  mai  k :  A  sandstone  post  30  by  7  by  7  inches,  set  32  inches  in 
the  ground,  in  the  centner  of  top  of  which  is  countersunk  and  cemented 
a  bronze  tablet. 

Referenw  marks:  Thirty  feet  north  of  south  fence  and  18  feet  from 
east  fenc4*  and  36  feet  from  southeast  corner  of  school  yani. 

Distant  mark:  North  of  station  315  feet,  a  sandstone  iK>st  30  by  H 
by  0  inches,  set  30  inches  in  the  ground,  having  a  copjier  l)olt  cemented 
in  its  top. 

Resident  referee :  President  of  school  board. 

%  MARYSVILLK,  UNION   COUNTY. 

Location  of  st>ation:  On  church  lot,  !>  feet  northeast  of  the  north- 
east corner  of  Methixlist  Church. 

Station  mark:  A  sainlstone  i)ost  3»>  by  0  by  6  in(*hes,  set  34  inches  in 
ground,  in  C43nter  of  top  of  whicfh  is  countersunk  aiid  cemented  a 
bronze  tablet. 

Reference  uuirks:  Twenty-seven  feet  from  corner  of  street. 

Distant  mark:  In  the  court-house  grounds,  north  of  station  375 
feet,  a  san<lstone  post  30  by  0  by  ^)  inches,  set  2S  inches  in  the  ground, 
having  a  copper  lH)lt  cemented  in  its  top. 

Resident  referee:  County  clerk. 

UPPER   SANDUSKY,  M^YANDOT   COUNTY. 

L(M'Hti(>ii  of  station :  In  southeastern  part  of  public-school  grounds, 
lU  feet  north  of  sidewalk. 

Station  mark:  A  limestone  post  30  by  7  by  7  inches,  set  34  inches  in 
the  ground,  in  the  center  of  top  of  which  is  countersunk  and  cemented 
a  bronze  tablet. 

Reference  marks:  A  white  oak  tree,  30  inches  in  diameter,  bears 
N.  30  E.,  distant  48  feet. 


WILSON  wr  AL.]  KEIJTUCKY    AND   INDIANA.  161 

Distant  mark:  Nortli  of  station  348  feet,  a  limestone  post  30  \3y  5 
by  5  inches,  set  30  inches  in  the  ground,  having  a  copper  l)olt  cemented 
in  its  top. 

Resident  referees :  School  boai'd. 

WASHINGTON   COURT-HOUSE,  FAYBTTK   COUNTY. 

Location  of  station:  Two  feet  fn)iii  curb  line  on  nortli  side  of  Tem- 
ple street,  in  schoolhouse  yard. 

Station  mark:  A  limestone  post  36  by  8  by  8  inches,  set  33  inches 
in  the  ground,  in  the  center  of  top  of  which  is  countei'sunk  and 
cemented  a  bronze  tablet. 

Reference  marks:  A  locust  ti*ee  20  inches  in  diameter,  beai-s  S.  80° 
W.,  distant  rtO  feet;  bay  window  in  new  schoolhouse,  bears  N.  40"  E., 
distant  171  feet. 

Distant  mark:  Three  hundi^ed  feet  north  of  station,  a  limestone 
post  30  by  G  by  0  inches,  set  30  inches  in  the  ground,  having  a  copi)er 
bolt  cemented  in  its  top. 

Resident  I'eferee:  County  clerk. 

KENTUCKY  AND    INDIANA. 
Primary  Traverse. 

Thirty-eight  geographic  positions  in  Kentucky  and  Indiana  were 
determined  from  primary  traverse  by  Mr.  Greorge  T.  Hawkins,  topog- 
rapher, in  1900. 

This  traverse  starts  from  the  Coast  and  Geodetic  Survey  asti*onomic 
pier  at  Henderson,  Ky.,  and  follows  line  of  the  Louisville,  Henderson 
and  St.  Louis  Railroad  to  Hawesvilie,  Ky.,  crossing  the  Ohio  River 
by  triangulation,  thence  along  the  Cannelton  branch  of  Louisville, 
Evansville  and  St.  Louis  Railroad  to  Lincoln  City,  Ind.,  connecting 
there  with  point  on  travei-se  run  in  181)9. 

A  spur  line  follows  the  wagon  road  from  Hawesvilie,  Ky.,  to  southern 
edge  of  Rockford  quadrangle. 

Bull.  181  -01 11 
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Omjyraphic  positiotut  along  the  LouugviUe^  Hetidemon  and  SL  Louis  Railroad. 


Station. 


KENTU<'KY. 


Henderson,  astronomic  pier 

Baakett,  road  crossinf?  at    

Spottsville  -.     

Worthington,  road  crossing  at 

Stanley,  road  crossing  west  of 

Griffith,  toad  crossing  at 

Road  crossing  near  sawmill 

Road  crossing  at  dtore 

Road  crossing ' 

Owensboro  station ' 

Crossing  of  Illinois  Central  and  Looisville  and  Nash-  ' 

I 

ville  railroads  . .     .  .   ' 

Owensboro,  road  crossing  east  of    ! 

Thruston  or  Pates,  road  crossing  at 

Throston  or  Pates,  road  crossing  northeast  of 

Powers,  road  crossing  at 

Road  crossing  under  railroad . 

t 

Waitman.  road  crossing  at i 

Le wisport,  road  crossing  at 

Lewisport,  road  crossing  2  miles  east  of 

Falcon,  road  crossing  at 

Petri,  road  crossing  at  - 

Hawesville,  crossing  of  Cross  Main  street 


LAtitad«. 

Lcmgitade. 

9i   dO  24.8 

1 

87  35  26.1 

87  &2  22.8 

87  27  42.7 

37  52  16.2 

87  24  47.8 

87  50  18.2 

87  17  42.7 

87  49  81.8 

87  14  42.2 

37  49  00.9 

87  12  44.5 

37  48  39.6 

87  10  04.9 

37  48  25.2 

87  09  1.1.3 

37  47  18. 5 

87  08  27.8 

37  46  01.5 

87  06  40.5 

37  46  11.5 

87  05  34.8 

37  46  29. 1 

87  04  49.3 

37  47  56.3 

87  03  07.4 

37  49  26. 1  ! 

1 

87  01  52.9 

37  51  57.0 

86  59  39.3 

37  53  :«S.6 

86  58  5o.  o 

37  54  33.1 

86  56  59.8 

37  56  02.6 

86  53  54.2 

87  56  50.8 

86  50  51.2 

37  57  07. 5 

86  49  33.^ 

37  55  44.4 

86  48  14.5 

37  54  18.5 

86  44  50.3 

Geographic  positions  aUmg  tJie  L<miHville,  Eixinsmlle  aiui  St»  Louis  Railroad. 


Statioii. 


INDIANA. 


Cannelton.  ferry  landing  at 

Tell  City  depot..  ." 

Windy  Creek  road  crossing 

Troy  station  

Road  crossing  at  east  end  of  big  cut . 

E vanston.  center  of  section  4 ,  southeast  of 

Evaoston  station 

T.5S.,K8.4ando  W..secs.  19  and  24,  i  comer  between. 

Kennedy,  road  crossing  at 

T.  5  S..  R.  5  W.,  sees.  U  and  10,  i  corner  between 


Latitade. 

Loniptiide. 

37  54  36.6 

or       ti 

86  44  40.6 

37  56  38.6 

86  46  09.8 

37  59  06.6 

86  47  11.6 

37  59  47.3 

86  48  16. 1 

;  38  02  11.8 

86  49  11.2 

38  02  21.5 

86  50  18.5 

38  02  24.9 

1 

86  50  25.0 

1  38  04  06. 1 

86  54  14.0 

38  04  46.6 

86  55  22.3 

38  05  55.1 

86  57  34.9 

W1I.80N  KT  AL..J 
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Oeographic  positions  along  toagon  road  from  HawenviUe,  Ky.j  to  sotUhern  edge  of 

Rockport  quadrangle  (spur  Traverse  Line), 


Station. 


Latitude. 


II 


Hawosville,  2k  miles  south  of,  forks  of  road 37  52  *>8. 0 

Chambers,  forks  of  road  east  of 37  50  10. 9 

Corner  of  road  500  feet  north  of  Pellville  and  Knotts- 

villeroad 37  50  07.9 

Floral,  forks  of  road,  8  miles  northeast  of 37  49  26. 6 

Floral,  forks  of  road,  U  miles  northeast  of .J  37  48  37. 5 

Florjtl.  crossroads  at. .  37  47  16.4 

Floral,  sooth  azimuth  mark 37  46  08.9 


Lon^tude. 


86  46  28.4 
86  46  52. 2 

86  47  26. 1 
86  47  22. 1 
86  47  51.7 
86  48  35.6 
86  48  39. 1 


Meridian  Marks. 
OWENSBORO,    DA  VIES    COUNTY,    KY. 

LoiUition  of  station:  In  south'^ast-orii  part  of  coii'*t-h  >iise  grounds. 

Station  mark:  A  limestone  post  36  by  7  by  7  inches,  set  .'33  inches 
in  the  ground,  in  the  center  of  top  of  which  is  countersunk  and 
cemented  an  aluminum  tablet. 

Reference  marks:  Southeastern  corner  of  court-house  Iniains  N.  30° 
W.,  distance  130  feet.  Southeastern  corner  of  grounds  l>ears  8.  50° 
E.,  distance  70  feet. 

Distant  mark :  North  of  station  300  feet.  A  limestone  iK)st  30  by  7 
by  7  inches,  set  30  inches  in  the  ground,  having  an  aluminum  tablet 
countersunk  and  cemented  in  its  tO|>. 

Resident  referee :  County  judge. 

HAWESVILLK,    HANCOCK   CM)UNTY,    KY. ;   (^ANNELTON,    PERRY    COUNTY, 

IND. 

Location  of  stMion:  In  nortlu^astern  part  of  Hawesville,  30  feet 
north  of  i*ailway,  and  on  west  bink  of  creek  and  south  bank  of  Ohio 
River. 

Station  mark:  A  sandstone  post  30  by  8  by  7  inches,  set  30  inches 
in  the  ground,  in  the  center  of  top  of  which  is  countersunk  and 
cemented  a  bronze  tablet. 

Reference  marks:  Northeastern  corner  of  Mr.  Carter's  yanl  fence 
bears  S.  45°  W.,  distance  70  feet.  Locust  tree  24  inches  in  diameter 
bears  S.  15°  W.,  distance  00  feet. 

Distant  mark:  North  of  st.atiou  about  2,700  feet,  in  Cannelton, 
Ind.,  in  south  part  of  town,  on  north  bank  of  Ohio  River,  and  110 
feet  from  and  in.  front  of  Sunlight  Hotel,  a  sandstone  post  30  by  8  by 
6  inclies,set  30  inches  in  the  ground,  having  a  copper  bolt  cemented 
in  its  top. 

Resident  referee:  County  surveyor. 
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IOWA. 
Primary  Traverse. 

Thirty-five  geograpliie  positions  in  northeastern  Iowa  determined 
from  primary  railroad  traverse  by  Mr.  George  T.  Hawkins,  topographer, 
in  1899  and  1900. 

The  traverse  begins  at  the  junction  of  railways  at  Independence, 
previously  located  by  primary  traverse,  and  follows  the  Burlington, 
Cedar  Rapids  and  Northern  Railway  to  Postxille,  thence  eastward 
along  the  Chicago,  Milwaukee  and  St.  Paul  Railway  to  McGregor 
triangulation  station  of  the  Mississippi  River  Commission. 

Geographic  po9itiotut  along  the  Burlington^  Cedar  Rapidn  and  Northern  Railrniy, 


SUtion. 


Latitude. 


L#on^tade. 


Independence,  junction  of  railways  at 

T.  89  N..R.  9  W.,  corner  sees.  21, 22. 27,  and  28-   .   .. 

T.  90  N. ,  R.  9  W. ,  comer  sees.  27, 28. 33,  and  34 

T.90N.,B.9  W., comer  sees. 9, 10, 15, and  16 

Hazleton  station 

Crossing  Chicago  Great  Western  Railway  

Oelwein  station . . 

T.91  N.,R.9  W.. center  8e<^tion  20 

T.91  N..R.9  W.,corner8ec8.9. 10, 15,and  16 

T. 92  N.,  R.  9  W., comer  sees.  22, 23, 26, and  27 

Maynard  station . .  . 

T.  93  N..  R.  9  W. ,  comer  sees.  14, 15, 22,  and  23 

Randalia  station . . . . . 

Crossing  Chicago,  Milwaukee  and  St.  Paul  Railway 

T.  94  N.,  R.  9  W.,  corner  sees.  25, 26,  35,  and  36 

West  Union  station  . .   

T. 94  N.,  R. «  W.,  sees.  21  and  32,  i  corner  between  . 

Brainard  station . 

T.  94  N.,  R.  7  W.,  sees.  29  and  30,  i  corner  between 

Elgin  station 

T.  94  N.,  R.  7  W., sees.  14  and  15,  i  comer  between  . . 

T.94N.,R.7  W., sees. 2, 3, 10, and  11, corner  of 

Clermont  station 

Postville,  junction  3  miles  west  of 


42  28 
42  29 
42  34 
42  86 
42  37 
42  40 
42  40 
42  40 
42  42 
42  45 
42  46 
42  51 
42  51 
42  53 
42  55 
42  57 
42  56 
42  55 
42  55 
42  57 
42  57 

42  58 

43  00 
43  04 


42.  r  ' 

54.7 

15.1 

52.6 

06.8 

18.8 

44.9 

45.4 

04.6 

35.9 

28.8 

44.0 

49.4 

47.3 

16.6 

18.3 

34.8 

52.1 

41.3 

23.5 

24.7 

42.8 

14.2 

40.9 


91  54  28.9 
91  54  18.9 
91  54  20.8 
91  54  18.7 
91  54  21.3 
91  54  42.5 
91  54  42.3 
91  54  48.8 
91  54  15.3 
91  53  01.0 
91  52  59.4 
91  53  06.7 
91  53  06.7 
91  52  43.2 
91  51  54.6 
91  48  30.4 
91  47  07.0 
91  42  26.4 
91  42  20.1 
91  38  31.3 
91  38  47.0 
91  38  45.9 
91  39  11.1 
91  37.48.0 
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Geographic  pontiorut  along  the  Chicago,  Milwaukee  and  St,  Paul  Railroad, 


Station. 


PoBtville  station 

T. 06  N.,  B.  6  W., sees. 33  and  32, i  comer  between 

Lnana  station 

Monona  station 

T.  96  N..  R.  6  W.,  sees.  11, 12, 13,  and  14,  corner  of 

Valdora  station 

Benlah  station 

Giard  station 

West  McGregor  station 

North  McGregor,  crossing  of  railroads  at 

McGregor,  Mississippi  River  Commission  triang^la- 
tion  station 


Latitude. 


43  05 
43  05 
43  03 
43  03 
43  03 
43  01 
43  01 
43  02 
43  02 
43  02 


14.8 

20.75 

32.66 

15.8 

06.7 

26.7 

84.6 

15.0 

28.0 

38.6 


43  03  81.03 


Longitude. 


91  34 
01  34 
01  27 
01  23 
01  23 
01  21 
01  18 
01  15 
01  11 
91  10 


17.0 
08.3 
00.8 
32.8 
24.8 
08.7 
86.8 
42.4 
57. 5 
42.3 


01  10  40.  ai 


MISSOURL 


Primary  Traverse. 

Fifty-seven  geographic  positions  determined  by  primary  railroad 
traverse  by  Mr.  George  T.  Hawkins,  t»opographer,  in  1900. 

Starting  from  U.  S.  Mississippi  River  Commission  triangulation 
station  Quincy,  the  traverse  was  run  along  the  line  of  Omaha,  Kansas 
City  and  Quincy  Railroad  to  Kirksville;  thence  to  (lien wood,  via 
Wabash  Railroad;  thence  eastwai-d  to  Wayland,  via  Keokuk  and 
Western  Railroad,  and  there  connected  with  IT.  S.  Mississippi  River 
Commission  triangulation  station  Fox  River. 

Geographic  jHMitions  along  the  OmaJia,  KannoH  City  and  Quincy  Railnmd, 


Station. 


Tjatitude. 


Longitude. 


o 


Quincy,  Mississippi  River  Comuiission  triangalation 
station ' 

West  Qnincy  station 

Taylor  station 

Maywood  station 

T.60  N.,R8.6and  7  W.,secs.  31  and  36,  i,  comer  be- 
tween   - 

Dnrham  station 

T.60N.,  R.7  W.,  sees.  7, 8, 17,  and  18,  comer  of 

Ewing  station 

T.  61  N..  B.  8  W.,  sees.  26  and  27,  i,  comer  l)etween. 


39  56  31.00 
39  56  07.0 
39  50  17.5 
39  57  11.3 


39  57  15.6 

39  58  30. I 

40  00  17. 3 
40  00  18. 9 
40  03  24. 5 


91  24 
91  26 
91  31 
91  35 

91  37 
91  39 
91  42 
91  42 
91  46 


51.18 
09.1 
18.0 
56.1 

02. 8 
57. 4 
39.3 
50. 8 
02.5 
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Qetigraphic  jxmtiorm  along  the  Omaha,  Kawwut  City  and  Quincy    Railroad— 

Continiied. 


BUtion. 


LAtitnde. 


Lewistown  station 

T.  61  N.,  R.  8  W..  comer  on  range  line  between  sees.  7 

and  18 

T.61  N.,R.9 W.,8ec8.3,4,9,and  10,comerof  ..   

Labelle  station 

Knox  station .  ... 

T.  62  N.,R.  10  W.,  pecs.  19, 20, 29,  and  30,  comer  of  ..    . 
T.  63  N.,  R.  11  W.. sees. 20  and  21,  i,  comer  lietween.. 
T.  62  N.,  Rs.  11  and  12  W.,  sees.  19  and  24,  i,  comer 

between. . 

Edina  station 

T.  62  N..  R.  18  W.,  sets.  24  and  25,  i,  corner  between. . 

Hnrdland  station   

Croflsing  Atchison.  Topeka  and  Santa  Fe  Railway  and 

Omaha,  Kansas  City  and  Quincy  Railway. 

Brashear  station 

T.  62  N,,  R.  14  W.,  sees.  24  and  25,  i,  comer  between 
T.62  N.,  Rs.  14  and  15  W.,  sees.  13  and  18,  i,  corner 

between 

KirkHville,  crossing  Wabash  railroad 


40  on  06.6 

40  dry  37.4 
40  06  80.5 
40  07  02.7 
40  06  85.1 
40  09  11.3 
40  09  39.7 

40  09  41.6 
40  09  45.2 
40  09  14.8 
40  09  06.5 

40  06  46.9 
40  08  45.2 
40  09  12.8 


LfOn^tade. 

91  48  57.2 

91  50  16.3 
91  53  40.3 

91  54  50.9 

92  00  38.5 
92  02  35.6 
92  08  00.9 

92  10  30.8 

92  10  40.5 

92  17  55.4 

92  18  09.7 

92  20  05.6 
92  22  42.3 
92  24  43.8 


40  10  32.1        92  30  56.1 
40  12  a5.0       92  a5  10.5 


Oe€}yraphic  positions  along  Walxisk  HailrtHul  Itetireen  Kirksville  and  Olennxxid, 


station. 


T.  63  N.,  R.  15  W., sees. 20  and  21.  i,  comer  between 
T. 65  N.,  R.  15  W.. sees.  iiS  and  34,  corner  on  township 

line  between 

Snblett  station .   

Qreentop  station . 

Queen  City  station 

T.65  N.,R.  15  W., comer  sees. 21, 22, 27,  and  28 

Julesburg  station 


Latitude. 

Ix>niritnde. 

\              0               1                 H 

O                          I' 

40  14  59. 7 

92  a"!  31.5 

40  18  03. 1 

92  34  22.6 

40  18  09.8 

92  34  13.0 

40  20  47. 6 

92  34  03.3 

40  24  28. 7 

92  34  09.6 

40  25  27.8 

92  34  41.4 

40  27  54.5 

92  36  21.5 
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Oeograjtliic  piutitwiM  almig  or  near  Keokuk  and  Weatern   railrtntd^  bcfipeen  Glen- 

toood  and  Wayland, 


Station. 

Latitnde. 

I^in^rittide. 

T.  06  N..  R.  15  W.,  aec8. 14,  15,  22,  and  28,  corner  of. 

a         /             It 

40  31  07.4 

92  33  29.9 

T.  66  N..  R.  14  W.,  aec'S.  13  and  24,  corner  on  range 

line  between . . 

40  31  09.3 

92  31  14.3 

CroBsing  of  railroad  and  range  line  between  Rs.  13  and 

14,T.6«N 

40  30  13. 9 

92 

24  57.6 

T.  06  N.,  R.  13  W.,  8ec8.  28.  29,  32,  and  33,  corner  of. 

40  29  29.8 

92 

22  16.6 

Downing  station 

40  29  13.6 

92 

22  07.7 

T.  65  N.,  R.  1^  W.,  Hecs.  .)  and  6,  corner  on  township 

line  between 

40  28  39.3 

92 

16  29.3 

Crawford  station 

40  28  28.4 
40  27  13. 8 

92 
92 

16  29.0 

Memphis  station          ...    .   . 

09  56.9 

T.  65  N.,  R.  11  W.,  sees.  H  and  9.  I  corner  b  tween 

40  27  22. 4 

92 

08  04.2 

T.65  N..  R.  11  W.,  sees.  10  and  11,  i  corner  l)etween. . 

40  27  20. 1 

92  05  47.3 

Arbela  station .            .     - 

40  24  49. 6 

92 

00  58.8 

Granger  station    .     . . 

40  28  00.0 

91 

58  31.9 

T.  65  N.,  R.  10  W..  sec.  2,  center  of 

40  28  05.7 

91 

58  31.4 

T.  65  N.,  Rs.  9  and  10  W.,  crossing  of  railroa<l  and  range 

line  between 

40  27  41.4 

91 

56  43. 6 

Lnray  station 

40  27  03.0 

91 

52  29. 1 

T.  65  N.,  R.  9  W.,  sees.  1 1  and  14,  i  corner  between  . . 

40  26  41.3 

91 

51  46.7 

Ashton  station 

40  26  46. 6 

91 

48  26. 4 

T.  65  N.,  R.  8  W..  sees.  8,  9,  16,  and  17,  corner  of 

40  26  41.7 

91 

48  00.4 

Crossini^  of  Atchison,  Topeka  and  Santa  Fe  Railroad 

40  26  17.9 

91 

46  32.4 

Kabolca  station 

40  25  22. 1 

91 

43  02.4 

ClarkCity 

40  25  11.0 

91 

40  53. 5 

T.  65N.,  R.  7  W..  sec.  21,  centerof  .     

40  25  09. 5 

91 

40  23.9 

T.  65  N.,  R.  6  W.,  sees.  29,  30,  31,  and  32,  comer  of . .   . 

40  23  41.8 

91 

35  16. 1 

Wayland  station    

40  23  42.2 

91 

35  07.4 

Fox  River.  Mississippi  River  Commission  triangnla- 

tion  station 

40  21  34.82 

91 

35  20.87 

MISSOURI-KANSAS. 


Primaxy  Traverse. 


Forty  j^eojjjraphic  positions  along  or  near  the  Kansas  City,  Fort  Scott 
and  Memphis  Railway  between  the  astronomic  pier  at  Fort.  Scott, 
Kans.,an(l  theastix>nomicpieratSpringfiehl,  Mo.,  located  from  primary 
railroad  traverse  by  Mr.  (reorge  T.  Hawkins,  topographer,  in  1900. 


i 


168      PRIMARY  TRI ANGULATION  AND  PRIMARY  TRAVEBSB.    [mvLum. 


Qeographic  positioim  along  the  Kanaaa  City,  Fort  Scott  and  Memphin  Railway, 


Station. 


KANSAS. 

Fort  Scott  ftstronomic  pier 

Washburn  station 

Clarksburg  station 

T.  36  a ,  R.  25  E. ,  sees.  26, 37, 34,  and  35,  comer  of 

T.  36  S.,  R.  35  E.,  sec.  36,  southeast  comer  of 

Oarland  station . .  — 

T.  37  S.,R.  35  E.,  sees.  23, 34, 35,  and  36,  comer  of.- 

Arcadia,  section  comer  \  mile  west  of 

Arcadia  statiou .   . . 

Crossing  of  railway  and  Kansas- Missonri  State  line  . . . 

MISSOURI. 

Last  Chance  station 

Ts.  33  and  33  N. ,  R.  33  W. ,  sees.  2. 3. 34,  and  35.  comer  of. 

Liberal,  crossing  of  railroads 

Liberal  station. .   ....   .     

T. 32  N.,  R.  33  W.,  sees.  13, 14. 33. and 24,  comer  of 

lantha  station -     . 

T.  32  N.,  Rs.  31  and  32  W.,  crossing  of  railway  and 
range  line  between 

Lamar  station 

T.  32  N..  R.  30  W.,  sec.  32,  i  corner,  south  side  of 

Kenoma  station 

T.  31  N.,  Rs.  29  and  30  W.,  sees.  18, 19, 24,  and  13,  cor- 
ner of -    

Golden  City  station    ... 

T.31  N.,R.29  W.. sec. 26, center  of 

T.31  N.,  R.  28  W.,  sees.  17, 18, 19,  and  20.  corner  of  ... 

Lockwoo<l  station . .    

T.  31  N.,  Rs.  27  and  28  W.,  crossing  of  railway  and 
range  line  lietween 

Fletcher  station 

T.30  N..R.20  W..8ec.6,i  comer  north  of 

South  Greenfield  station 

Pilgrim  station 

T.  30  N. ,  R.  25  W. ,  sees.  8  and  17,  i  comer  between 

Everton  station •  

Emmet  station -  - 

T.  30  N.,  R.  24  W.,  sees.  20  and  21.  i  corner  between 

Ash  Grove  station 


Latitoda. 


Longitude. 


e    t           " 

•   '   " 

87  50  25. 76 

94  42  26. 75 

37  47  10.3 

94  41  51.3 

37  45  36.3 

94  89  23. 1 

37  45  16.7 

94  88  58.0 

37  44  49.4 

94  38  34.4 

87  48  56.3 

94  87  19.2 

37  40  37.5 

94  87  50.0 

37  38  43.1 

94  37  50.0 

37  88  88.7 

94  37  40.0 

87  37  47.8 

94  37  as.  6 

37  36  18. 5 

94  35  29.2 

37  38  58.8 

94  31  59.0 

37  33  37.9 

94  31  27.5 

87  33  38.9 

94  31  13.9 

37  31  08. 9 

94  24  24.0 

37  31  03. 1 

94  23  57.0 

37  30  59. 1 

94  28  18.4 

37  29  18.8 

94  16  44.9 

87  38  16.6 

94  15  13.1 

37  36  17.9 

94  11  58.3 

87  35  31.3 

94  10  18.0 

37  24  01.3 

94  a5  38.7 

37  24  04. 1 

94  05  34.1 

37  23  32. 7 

94  02  40.5 

37  23  16.0 

93  57  17.4 

37  28  09. 5 

93  56  05.6 

37  22  46.4 

93  58  44.8 

37  22  29.9 

93  50  35.1 

37  22  84. 3 

93  50  -23.7 

37  21  29. 6 

93  46  34.3 

37  30  36.8 

93  43  36.5 

37  20  28. 3 

93  43  19.8 

37  19  32.0 

93  39  85.8 

37  19  04. 5 

93  85  19.8 

87  19  01.9 

93  85  16.3 
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Oeographic  pasitioriH  along  the  Kansas  City,  Fort  Scott  and  Memphis  Raihixiy — 

Continned. 


station. 


MISSOURI — continned. 

T.  30  N.,  R.  24  W., sees.  34  and  35,  south  corner  of. 
T.29  N.,R.24  W.^secs.l  and  1,  2  and  2,  corner  of 

Boia  D'Arc  station 

T.29  N.,  K.23  W..secs  9, 10, 15,  and  16,  corner  of. . 

£1  wood  station 

Nichols  Junction 


Latitnde. 


Lon^tade. 


37  16  52.9 
37  15  33.5 
37  15  30. 3 
37  13  43.2 
37  13  35.3 
37  13  10.2 


93  33  12. 1 
93  80  48. 5 
93  30  28. 1 
93  26  28. 1 
93  25  55.9 
93  21  52.9 


Tho  following  positions  were  obtained  by  Mr.  George  T.  Hawkins, 
topographer,  in  1900,  from  primary  traverse,  wliich  starts  from  Spring- 
field, Mo.,  astronomic  pier  and  follows  the  St.  Louis  and  San  Franeisco 
Raih'oad  to  Oswego,  Kans.,  wliere  it  was  connected  with  the  court- 
lioiise  spire,  locate<l  by  astronomic  methods  in  1884. 

Get tffraphie  positions  along  the  St,  Tx)nis  and  San  Francisco  Railroad, 


station. 


MISSOURI. 


Springfield  astronomic  pier 

Dorchester  station 

T.  28N.,  R.  23  W.,  sec,  2,  ^  corner  north  of 

Brookline  station 

Republic  station 

T.  28  N.,  R.  2:^  W.,  sees.  10  and  20,  i  comer  between  . 

T.  27  N.,  R.  24  W.,  sees.  4,  5,  8,  9,  corner  of 

Billings  station 

Logan,  section  comer  just  east  of 

Logan  station 

Marionville  station . 

Aurora  station 

T.  26  N.,  R.  26  W.,  sees.  11  and  12,  i  comer  between. 

Verona  station i 

T.  26  N.,  R.  26  W.,  sees.  17  and  20,  i  comer  between.  J 
T.  26  N.,  R.  27  W..  sees.  25  and  30,  \  corner  between. . 

Globe  station 

Monett  station 

Pierce  City,  sees.  21  and  28,  \  corner  between 

Pierce  City  station  . 

Snyder  station 

T.  26  N.,  R.  28  W.,  sees.  17  and  18,  \  comer  between. 


Latitude. 

Ix>ntpitade. 

O      1        II 

O     1                   II 

37  13  15.96 

93  17  17.58 

37  12  36. 4 

93  23  13.3 

37  10  12.0 

93  24  56. 7 

37  09  50. 2 

93  25  12. 7 

37  07  11. I 

93  28  53.2 

37  07  09.9 

93  28  52. 6 

37  04  10. 1 

93  33  18.3 

37  04  03.4 

93  ;«  19.9 

37  01  07.0 

93  36  37.7 

37  00  51.8 

93  37  00. 6 

36  59  59.9 

93  37  53. 0 

36  58  37.5 

93  43  16.2 

36  58  38. 1 

93  44  11.8 

36  57  54.0 

93  47  52. 4 

86  57  24.6 

93  47  59.5 

36  56  07. 7 

93  49  39. 1 

36  55  53.6 

93  51  09.4 

36  55  14.6 

93  55  19.8 

36  56  46. 5 

94  00  00. 2 

36  56  41.8 

94  (M)  10.9 

36  58  01.7 

94  01  10.6 

36  58  07. 1 

94  01  31.9 
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Oeogrtiphic.  2fOHitio7iM  almiy  the  St.  lAminaud  San  Fmneiaco  Railroad — Contioned. 


SUtion. 


LAtitude. 


MIS80UKI— continoed. 

Wentworth  station  .  . . . 

Talmage  station . 

Talmage,  section  comer  at ... 

T.  27  N.,  R.  29  W.,  sees.  20  and  21,  i  corner  between 

Sarcoxie  station 

T.  28  N.,  R.  »)  W.,  sees.  25  and  m,  corner  on  range 

line  between  . . 

Reeds  station .  _ 

T.  28  N.,  R.  30  W.,  sees.  17, 18, 19,  20,  comer  of 

Knights  station 

T.  28  N.,  R.  :n  W.,8ec8.  11,  12,  13.  14,  corner  of 

Carthagt^  station 

T.  28  N.,  R.  31  W.,  sec.  r>,  one  fourth  comer  west  of 

(elevation  960  feet) 
C'rossing.  north  and  south  (elevation  998  feet)     ... 

Ma<'y  station  .     .   ............   ... 

Mansur  station . 

Boysur,  road  crossing  .     . . 

J^>I)lin  Junction,  head  block . 

T.  '2i)  N.,  H.  :I3  W.,  sees.  25,  20.  35,  and  3«,  corner  of 
T.  2H  N.,  R.  3:^  W..  sees.  4  and  5,  comer  on  township 

line  Iwtween ...  .... 

Crossing,  Missouri  Pacific  Railway 

Carl  Junction    .  

Smithfield  stiition  . 

Missouri-Kansas  State  Line  and  '*Fri8<-o"'  Railway, 

crossing  of  , 

KANSAS. 

T.  :n  S.,  R.  25  E..  sees.  17  and  18,  i  comer  l)etween. 

Crestline  station         

T.  :W  S.,  R.  24  E.,  sees.  13  and  14,  i  comer  l»etween. 
T.  33  S.,  R.  24  E.,  sees.  16  and  17,  i  corner  between. 
Kansas  City,  Pittsburg  and  Gulf  Rwy.,  crossing  of  . . 

Columbus  station 

Sherwin,  crossing  of  Missouri  Pacific  R.  R  ... 

T.  33  S.,  Rs.  22  and  23  E.,secs.  7.  18.  12,  13,  comer  of. . 

Oswego,  section  corner  3  miles  east  of 

Oswego,  court-house  spire 


Longitade. 


36  99  43.6 

94  04  23.5 

87  00  58. 1 

94  05  36.2 

37  01  15. 7 

94  05  46.3 

37  02  35.6 

94  06  48.4 

:i7  04  08.0 

94  07  01.1 

37  06  34. 4 

94  08  51.4 

87  07  06. 1 

94 

10  <M.5 

37  08  37. 1 

94 

14  14.8 

:<7  08  35.2 

94 

14  59.6 

37  09  20. 4 

94 

16  26.0 

:{7  11  06.1 

94 

18  35.7 

37  10  39. 2 

94 

20  42.7 

:rr  10  44. 1 

M 

21  rui.S 

37  11  11.6 

94 

23  48.0 

37  11  40.6 

94 

25  07.2 

37  11  46. 1 

94 

*26  44.8 

37  11  43.6 

94 

27  44.3 

37  12  03.0 

94 

29  24.6 

37  11  17.0 

94 

32  40.1 

37  11  08.3 

94  32  49.5 

37  10  46.5 

94  33  50.5 

37  10  10.6 

94  36  09. 1 

37  10  01.6 

94 

37  02.9 

37  10  17.4 

94 

42  13.3 

37  10  17.4 

94 

42  17.1 

37  10  17.6 

94 

44  24.6 

37  10  18. 1 

94  47  41.3 

37  10  35.4 

94 

50  12.1 

37  10  34. 2 

94 

50  82.4 

37  10  48. 6 

94 

56  51.5 

37  10  47.9 

94 

57  29.0 

37  09  56.3 

95  02  56.5 

37  09  58.9 

95  06  24.0 
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Meridian  Marks. 
EDINA,    KNOX   C^OONTY,    MO. 

Location  of  station :  In  court-house  square. 

Station  mark:  A  granite  post  36  by  6  ])y  0  inches,  set  34  inches  in 
the  ground,  15  feet  nortli  of  east  and  west  walk  and  78  feet  from  f<»nce 
on  east  side  of  grounds.  In  center  of  top  of  the  ])ost  is  countersunk 
and  cemented  a  bronze  tablet. 

Distant  mark:  Four  hundred  feet  north  of  station,  a  marble  i)ost 
20  by  G  by  (>  inches,  set  20  inches  in  th(^  ground,  in  center  of  top  of 
whicli  is  cemented  a  copper  bolt.  Stone  is  10  feet  south  of  cuist  and 
west  fence  on  north  side  of  stjuare  and  80  feet  from  fence  on  east  side 
of  grounds. 

Resident  ri^feree:  County  clerk. 

CARTHAOK,    JASPER   COUNTY,    MO. 

Location  of  station:  In  west  part  of  C(»ntral  Park. 

Station  mark:  A  limestone  post  42  hy  S  by  0  inches,  set  40  inches 
in  the  ground,  in  the  center  of  top  of  which  is  countersunk  and 
eenuMited  a  bronze  tablet. 

Reference  marks:  Forty-eiglit  fe<*t  from  southwest  corner  of  i>ark 
and  1  foot  from  line  of  fence. 

Dist4int  mark:  North  of  station  252  fi»et,  a  limestrone  post  30  hy  8 

by  0  inches,  s(»t  28  inc^hes  in  ground  and  with  a  copjier  ])olt  cementc<l 
in  its  top. 

Resident  referee:  ('ounty  clerk. 

KAHOKA,   CLARK   COUNTY,    MO. 

Ij<H*at.ion  of  station :  In  eastern  part  of  court-house  grounds. 

Station  mark:  A  marble  ])Ost  30  by  0  by  <»  inches,  set  32  inches  in 
the  ground,  in  the  center  of  top  of  which  is  countersunk  and  cemented 
a  bronze  tablet.. 

Reference  marks:  An  ash  tree  10  inches  in  diameter  N.  73°  W., 
dist^int  24  feet.  An  a.sh  tree  14  inches  in  diameter  N.  (JO*"  E.,  dist^mt 
15  feet. 

Distant  mark:  North  of  station  300  fet^t,  on  inside*  liiu*  of  si<lewalk 
on  north  side  of  gnninds,  a  marble  post  30  by  0  by  G  inches,  set  30 
inches  in  the  ground;  has  a  copper  bolt  (MMnente<l  in  its  top. 

Resident  referee :  County  clerk. 

KIRKSVILLK,  ADAIR   COUNTY,  MO. 

Location  of  station :  In  northwest  part  of  Normal  Scliool  grounds. 

Station  mark:  A  limestone  post  3r»  by  (>  by  0  inches,  m^t  34  inches 
in  the  ground,  in  the  center  of  top  of  whicli  is  countersunk  and 
cemented  a  bronze  tablet. 
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Refei*onoe  marks:  A  maple  tree  10  iiiche8  in  diameter  bears  N.  40"" 
E.,  distant  03  feet.  A  maple  tree  24  inches  in  diameter  bears  S.  80° 
W.,  distant  72  feet. 

Distant  mark :  A  limestone  post  24  by  G  by  6  inches,  set  24  inches 
in  the  gronnd,  360  feet  north  of  station,  28  feet  southwest  of  large 
maple  tree,  and  120  feet  from  northwest  corner  of  grounds.  Stone 
post  has  a  copper  bolt  cemented  in  center  of  its  top. 

Residence  referee :  County  clerk. 

LAMAR,  BARTON  COUNTY,  MO. 

Location  of  station :  In  western  part  of  court-house  grounds. 

Stati(m  mark:  A  limestone  post  36  by  8  by  8  inches,  set  34  inches 
in  the  ground,  in  the  center  of  top  of  which  is  countersunk  and 
cemented  a  bronze  tablet. 

Reference  marks:  Southwest  corner  of  court-house  N.  35°  E.,  dis- 
tant 132  feet.  Southwest  corner  of  grounds  l>ears  S.  60°  W.,  distant 
63  feet. 

Distant  mark :  North  of  st«ation  322  feet,  a  limestone  post  24  by  9 
by  [)  inches,  set  24  inches  in  the  ground,  with  copper  bolt  in  it«  top. 

Resident  referee:  County  clerk. 

LANCASTER,  SCHUYLER   COUNTY,  MO. 

Location  of  station:  In  east  part  of  public-school  yard. 

Station  mark:  A  limestone  post  40  by  8  by  6  inches,  set  30  inches 
in  tlie  ground,  in  the  center  of  top  of  which  is  countersunk  and 
cement4Hl  a  bronze  tablet. 

Reference  marks:  Southeast  corner  of  schoolhouse  N.  10°  30'  W., 
distant  123  feet;  3  feet  from  south  line  and  45  feet  from  CASt  line  of 
grounds. 

Distant  mark :  North  of  st*ation  276  feet,  on  line  of  sidewalk  on  north 
side  of  street,  36  feet  west  of  street  corner,  a  limestone  post  30  by  8 
b}'  S  inches,  set  30  inches  in  ground,  Imving  a  copper  bolt  cemented 
in  its  top. 

Resident  I'eferee:  County  clerk. 

MEMPHIS,  SCOTLAND    COUNTY,  MO. 

Location  of  station:  In  ejistern  part  of  high-school  grounds. 

Station  mark :  A  limestone  post  40  by  8  by  6  inches,  set  36  inches 
in  the  ground,  in  the  center  of  top  of  which  is  countersunk  and 
cemented  a  bronze  tablet. 

Reference  marks:  Southeast  corner  of  schoolhouse  N.  16°  W.,  dis- 
tant 123  feet.  Maple  tree  8  inches  in  diameter  bears  N.  74°  E.,  dis- 
tant 30  feet . 

Distant  mark:  North  of  station  290  feet  and  4  feet  south  of  north 
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fence.     A  limestone  post  30  by  8  by  8  inches,  set  30  inches  in  the 
ground,  with  copper  bolt  cemented  in  the  top. 
Resident  referee:  County  clerk. 

COLUMBUS,  CHEROKEE  COUNTY,  KANS. 

Location  of  station:  In  eastern  part  of  court-house  grounds. 

Station  mark:  A  limestone  post  36  by  6  by  6  inches,  set  34  inches 
in  the  ground^  in  the  center  of  top  of  which  is  count^ersunk  and 
cemented  a  bronze  tablet. 

Reference  marks:  Southeastern  corner  of  court-house  N.  50°  W., 
distant,  84  feet.  It  is  21  feet  from  south  line  and  30  feet  from  east 
line  of  grounds. 

Distant  mark :  North  of  station  270  feet.  A  limestone  iK)st  24  by  6 
b}'  ♦>  inches,  set  24  inches  in  the  ground,  in  the  center  of  top  of  which 
is  set  a  copper  bolt. 

Resident  referee:  County  clerk. 

ARKANSAS. 
Primary  Traverse. 


Twenty-two  geographic  positions,  determined  by  Mr^  Geo.  T.  Haw- 
kins, topographer,  from  primary  traverse  in  Arkansas,  in  1000.  The 
line  starts  from  a  i)ositi(m  in  front  of  station  at  Gurdon,  established 
by  primary  traverse  in  1808,  and  follows  the  St.  Louis,  Iron  Mountain 
and  Southern  Railway  to  Camden;  thence  aUmg  the  St.  Louis  and 
Texas  Railway  to  Harlow. 

Geograjyhic  positimut  iv  Arkannan, 


Stotiun. 


Qnrdon  station 

Whelan  station ... 

Sayre,  road  crossing  at 

T.  11  S.,  R.  19  W..  sees.  29  and  30,  i  comer  between    . . 

Bashain  station. 

Chidester  station _ 

T.  12  S. .  R.  1 9  W. ,  sees.  1 1 ,  12, 13, 14,  comer  of 

Van  Wagoner  station 

Wise  station . 

Lester,  crossing  i  mile  north  of     , . .     .     . . . 

Camden,  at  road  crossing  1  mile  northwest  of,  iron 

bench-mark  post,  elevation  143  feet  

Camden,  crossing  of  telephone  line 


Latitude. 

I^nilfitude. 

O       '        •' 

33  55  08.0 

O     /      /' 

93  09  12. 1 

33  49  47. 1 

93  07  36.3 

33  45  04. 3 

93  05  32. 3 

33  45  02. 7 

93  a5  15.2 

33  43  21.7 

93  03  14.0 

33  42  07.9 

93  01  14.1 

33  41  55. 1 

93  01  10.4 

33  41  00.9 

92  59  15. 1 

33  39  30. 9 

92  56  02. 5 

33  38  56.0 

92  55  06.8 

33  35  44. 9 

92  51  10.5 

33  34  55.8 

92  50  00.6 
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Oeographie  positions  in  ArkantuiM — Cootinaed. 


Station. 


Camden,  crossing,  street  to  Iron  Mountain  station  at 
south  end  of  bridge    . .  

Camden,  road  crossing  at  post-office  4  miles  northeast 
of 

Lilley  station 

Onalaska  station        

Eagle  Mill  station 

Millville  station    

T.  1 1  S.,  R.  lo  W., sees.  34  and  35,  |  corner  between. .  . . 

Bearden  station . 

Best  station ...   

Harlow  station 


Latiiade. 


33  34  51.0 

83  39  02.9 
33  40L09.3 
38  40  19.8 
33  40  58.2 
33  42  22.7 
38  43  30.6 
33  48  22. 1 
33  43  40.9 
33  44  45.3 


Longitude. 


92  40  41.4 

92  46  24.7 
92  44  25.2 
92  43  57.6 
92  42  30.5 
92  39  19.1 
92  37  14.5 
92  86  58.6 
92  36  18.3 
92  33  59.8 


Meridian  Marks. 
CAMDEN,    OUACHITA   COUNTY,    ARK. 

Location  of  station :  In  woHiorn  part  of  eourt-hoiisje  grounds. 

St^ition  mark:  A  liniestono  post  42  by  8  by  8  inches,  set  38  inches 
in  the  ground,  in  the  center  of  top  of  which  is  countersunk  and 
cemented  a  bronze  tablet. 

Reference  marks :  27  feet  from  west  gat«,  30  feet  from  west  door  of 
court-house,  and  G  feet  south  of  walk. 

Distant  mark :  200  feet  north  of  station,  in  northern  part  of  Methodist 
churchyard,  across  street  from  court-house,  2  feet  from  north  line  of 
churchyard  and  10  feet  from  north  wall  of  church,  a  limestone  i)0st 
30  by  8  by  8  inches,  set  30  inches  in  the  ground,  having  a  copper  lK)lt 
set  in  center  of  its  top. 

Resident  referee:  County  clerk. 

UOCKV  MOUNTAIN  SKCJ^ION  OF  TOPOGRAPHY. 

SOUTH  DAKOTA-WYOMING. 


Triangulation  Stations. 

In  11K)0  Mr.  A.  F.  Dunnington,  topograi>her,  executed  control  for 
the  Edgemont  quadrangle  by  reoccupying  Fossil,  Bradley,  Sullivan, 
and  Alkali,  and  establishing  two  new  staticms — Provo  and  Cotton- 
wood, lie  also  extended  triangulation  northward  from  Terry  Peak, 
Bear  Butte,  and  Crow  Peak,  occupying  eight  new  stations,  control- 
ing  three  30-minut^  quadrangles. 
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PROVO,  FALL   RIVER  COUNTY,  S.  DAK. 

On  highest  point  of  knob  on  west  end  of  bald  ridjije  2  miles  sonth- 
east  of  Provo  station,  Burlington  and  Missouri  River  Raihx)ad,  and 
about  10  miles  south  of  Edgemont. 

Station  mark:  A  bronze  bench-mark  tablet  cemented  in  sandstone, 
9  by  13  l)y  0  inches,  set  Hush  with  surface  of  ground. 

[Latitude  43    10  18.03  .     Longitude  ia3   48  12.52  .] 


To  station- 


Azimuth. 


Ck>ttonwood 11122  38.98 

Sullivan 16140  02.55 

Bradley ..   ..  208  34  01.20 

Fossil 261  06  55.77 


Back  azimuth. 


n 


291  10  41.84 

341  32  07.30 

28  41  37. 58 

81  19  23. 45 


Log.  distance. 


Meters. 
4.4043384 

4. 6932508 

4.4956729 

4.3973066 


COTTONWOOD,  CONVERSE   (BOUNTY,  WYO. 

This  st>ation  is  on  the  highest  point  of  the  bald  divide,  about  2\ 
miles  west  of  the  Dakota- Wj'oming  St^te  line.  It  is  0  miles  north- 
west of  the  junction  of  Alum  and  Cottonwood  creeks  and  alnmt  2^ 
miles  southwest  of  south  end  of  hay  road,  whicli  beai-s  s<mth west,  and 
leaves  the  Edgemont  and  Lance  Creek  wagon  road  about  8  miles  west 
of  Edgemont. 

Station  mark:  A  bronze  l)ench-nmrk  tablet  set  in  sandstone,  10  by 
10  by  G  inches,  3  inches  below  surface  of  ground;  a  mound  of  small 
stones  was  ei'ectcHl  over  tablet. 


[Latitude  43    15'  16.38  '.     Longitude  104    05'  39.88  ".] 


To  station- 


Azimuth. 


Back  azinmtb.     Ld^.diHUuuu). 


Alkali  Butte 

Sullivan 

Provo  


143  49  32.35 
191  57  58.51 
291  10  41.84 


II 


323  33  37. 12 

12  02  02.85 

111  22  38.98 


Meter*. 
4.7222453 

4. 5849751 

4. 4043384 


OWL   BUTTE,  BUTTK   COUNTY,  S.  DAK. 

A  lone,  bare  butt-e  in  open  prairie  about  35  miles  northeast  of  Stur- 
gis,  on  divide  east  of  Willow  Ci-oek.  Station  is  near  the  center  of 
summit. 

Station  mark:  A  broiizi^  triangulation  t.ablet  cemented  in  r(K*k  in 
place. 
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[Latitude  44^  48'  30.37".    Longitude  108^  18'  05. 18'.] 


Tu  Htation— 

Aximutb. 

Back  asimuth. 

LofT- <iistaiioe. 

Bear  Butte 

O               /                    II 

28  36  51.15 

7«  32  16.68 

141  36  30. 14 

208  28  22.65 
259  10  20. 70 
321  26  47. 25 

4.6012777 

Susie  Peak 
Castle  Rock 

..   .  —   .... >-.. 

4.6212654 
4.4640921 

CASTLE  ROCK,  BUTTE  COUNTY,  8.  DAK. 

A  prominent  peak  in  T.  12  N.,  R.  5  E.,  Black  Hills  meridian,  28 
miles  air  line  northeast  of  Belle  Fourche,  12  miles  southwest  of  junc- 
tion of  Sand  Creek  and  South  Fork  of  Moreau  River.  The  summit  is 
a  narrow  ridge  about  150  yards  in  length,  the  station  being  on  a  knob 
at  northern  end,  which  is  about  10  feet  lower  than  south  end.  Road 
from  Belle  Fourche  to  Slim  Buttes  passes  from  southwest  to  northeast 
about  2  miles  east  of  the  peak. 

Station  mark :  A  bronze  triangulation  tablet  cemented  in  a  flat  rock 
buried  in  the  ground  flush  with  surface. 

[Latitude  45"  00'  38.65' .     Longitude  103^  26'  50.82 '.] 


To  station- 


Susie  Peak. 
Wyinonkota 
Owl  Butte 
Bear  Butte. 


Azimuth. 


36  58  45.39 

90  11  12.42 

321  26  47.25 

357  49  38.82 


Back  azimuth,  i  Log.  distance. 


216  46  29.57 
269  44  24.24 
141  36  30. 14 
177  50  48.88 


Meter: 
4. 5814773 

4.6971830 

4.4640921 

4. 7740756 


SUSIE   PEAK,  BUTTE   COUNTY,  8.  DAK. 

A  small  conical  peak  near  the  center  of  T.  0  N.,  R.  3  PL,  Black  Hills 
meridian,  situated  on  east  end  of  a  high  ridge  bearing  southeast  and 
northwest,  being  the. divide  between  Crow  and  Owl  creeks,  about  G 
miles  northeast  of  the  town  of  Belle  Fourche  and  about  2  miles  north 
of  Belle  Fourche  River. 

Station  mark:  A  bronze  triangulation  tablet  cemented  in  stone  sunk 
flush  with  surface  of  ground. 

[Latitude  44'  44'  10.08  '.     Longitude  103"  44'  13.75  ".] 


To  8tHtiou— 


Terry . .    . . .   

Crow  Peak. 

Warren  Peak. 

Wymonkota 

Castle  Rock 

Owl  Butte 

Bear  Butte ^ 


Azimuth. 


Back  azimuth. 


8  09  49.51 
30  34  32. 16 
63  20  21.79 
138  34  02.37 
216  46  29.57 
259  10  20. 70 
318  43  45. 57 


189  05  58.21 
210  25  19.14 
242  50  33. 50 
318  19  33.87 
36  58  45.39 
79  32  16.68 
138  57  09.55 


Loi;.  distance. 

Meter: 
4.6616893 

4. 5342997 

4.7991448 

4.6099751 

4. 5814773 

4.6212654 

4.5838871 
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WYMONKOTA,    CUSTER  COUNTY,    MONT. 

A  small  conical  peak  situated  in  southeastern  corner  of  StAte,  on 
hare  divide  between  Owl  and  Lone  Tree  creeks,  about  one-half  mile 
southeast  of  head  of  the  latter,  about  2  miles  west  of  Watson's  sheep 
ranch,  and  about  1^  miles  west  of  the  "Hash  Knife"  road  from  Belle 
Fourche. 

Station  mark :  A  bronze  triangulation  tablet  cementiMl  in  lai'j^e  rock 
set  in  gi'ound. 

[Latitude  45^  00'  37.62  .     Longitude  104"  04'  44.71' .] 


To  station— 


Warren   ... 

Alzada 

Castle  Rock 
Susie  Peak. 
Crow  Peak. 


Azimuth. 


Back  azimuth. 


26  15  49.71 
70  47  36.29 
'  269  44  24. 24 
318  19  33. 87 
350  43  02.11 


206  00  23.64 
250  30  27. 84 
90  11  12.42 
138  34  02.37 
170  48  14.23 


Log.  distance. 


Meters. 

4. 8175736 
4. 5290474 
4. 6971830 
4. 6099751 
4.7836118 


ALZADA,    CROOK   COUNTY,    WYO. 

A  bald  peak,  most  southerly  of  group  of  bai-e  hills,  about  8  miles 
southwest  from  Alzada  post-office,  Mont.,  on  the  divide  between  the 
Little  Missouri  and  Belle  Fourche  rivera,  about  G  miles  southwest 
from  the  bijr  b<»nd  of  the  latter,  and  about  5  miles  south  of  the 
Wyoming-Montana  line. 

Station  mark:  A  bronze  triangulation  tablet  cemented  in  stcme 
sunk  below  surface  of  ground  between  two  large  rocks  l)earing  south- 
east and  northwest  about  3^  feet  ai>art,  the  southeiist  rock  30  by  18 
inches,  5  inches  aliove  ground,  and  the  northwest  rock  24  by  8  inches, 
12  inches  above  ground. 

[Latitude  44   54  34.73  .     Longitude  104 '  29  00.17  .  J 


Tu  station- 


Wymonkota 
Crow  Peak.  . 
Warren  Peak 


Azimuth. 


Back  azimuth. 


Jjoijf.  iliHtauoe. 


319  12  17.68 
356  17  47.66 


o           ■             " 

Xtetern. 

70  47  36. 29 

4. 5290474 

139  34  33.11 

4. 8078017 

176  19  26.09 

4.6801626 

WARREN   PEAK,  CROOK   COUNTY,  WYOMING. 

The  most  eiisterly  of  the  two  high  bare  summits  of  the  Hear  Lodge 
Mountains,  about  (>  miles  northwest  of  the  town  of  Sundance,  Wyo- 
ming, at  the  head  of  Bear  and  Miller  creeks.     Richardson's  ranch  lies 
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about  G  miloH  north,  on  Beaver  Creek.     Roacl  from  ranch  to  Sundance 
parses  about  tliree- fourth 8  of  a  mile  northeast  of  station. 

Station  mark:  A  bronze  trianj^ulation  tablet  cemented  in  stone  in 
X)laee  on  liigliest  point,  G  feet  southeast  of  a  mining  claim  stake  in 
cairn  of  rocks. 

[Latitnde  44^  28  46.79".     Longitude  104   26'  40.23  '.] 


ToHtatioti- 


Alzada .' 

Wymonkota 

SuHie  Peak 

Belle  Fourche         . . 
Crow  Peak 


Azimuth. 

Back  azimuth. 

Lc 

u                   1                      II 

O                 /                     " 

176  19  26. 09 

356  17  47.66 

206  00  28. 64 

26  15  49. 71 

242  50  33. 50 

63  20  21.79 

244  47  34.89 

65  12  58.96 

271   16  58.99 

91  37  31.29 

Lo^.  distauce. 

Meters. 
4. 6801626 

4.8175736 

4.7991448 

4. 72:50707 

4.5898094 


BELLE  FOURCHE,  BUTTE  COUNTY,  SOUTH  DAKOTA. 

A  three-point  station  on  summit  of  a  sandy  hill  north  of  Belle 
Fourche  River,  a  meridian  mark  distant  1,570  feet  noii/h  of  south 
meridian  station,  which  is  in  the  grounds  of  the  county  court-house 
in  Belle  Fourche. 

Station  mark:  A  sandstone  post,  30  by  12  by  12  inches,  set  25  inches 
in  the  ground,  in  the  top  of  which  is  cemented  a  bi'ouze  meridiaii 
tablet. 

[Latitude  44    40  50.31' .     Loniptude  103    50'  28.93' .] 


To  Htation- 


Crow  Peak.. 
Warren  Peak 
Susie  Peak  . . 


Azimuth. 


21  21   15 

65  12  59 

233  V2  58 


Back  azimuth.   ;  h**g.  distauce. 


201  16  25 
244  47  35 

53  17  22 


Meters. 

4. 3984959 
4. 7230707 
4.0131451 


DEER   EARS,  BUTTE    COUNTY,  SOUTH   DAKOTA. 

(Not  occupied.) 

The  south  summit   of  a  double-topped  hill  known  as  "Deer  Eai*s," 
near  the  line  between  T.  12  N.,  Rs.  7  and  8  E.,  Black  Hills  meridian. 

I  Latitude  44    59'  57.09'  .     Longitude  103    10'  41.88".] 
STATE    CORNER — WYOMING,  MONTANA,  AND   SOUTH   DAKOTA. 

The  ston(i  post  marking  the  corner  common  to  Wyonung,  Montana, 
and  South  Dakota,  being  the  northeast  corner  of  Wyoming. 

Station  mark:  A  white  sandstone,  18  by  2:3  inches,  20  inches  above 
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gi'ound,  bearing  no  marks;  against  this  rest«  a  triangular  sandstone 
column,  50  inches  long,  which  has  fallen  from  it«  original  i)ositlou 
above  the  other,  one  side  1(5  inches  wide  marked  "Dak.  45  N.  L.," 
underneath  "27  W.  L. ;"  one  side  12  inches  wide  marked  **N.  W. 
Mont.,"  and  the  other  12  inches  wide  marked  "S.  W.  Wyo."  Three 
pits,  each  4  feet  square,  lie  north,  west,  and  south  of  mark. 

[Latitude  44^  59'  54.0  ".     Longitnde  104   03  02.4  '.] 
STATE   CORNER,  MONTANA   AND   SOUTH   DAKOTA. 

(Not  occupied.) 

The  stone  post  marking  the  southeast  corner  of  Montana. 

Station  mark:  A  stone,  20  by  H  inches,  33  inches  above  ground. 
Among  H  lot  of  large  loose  stones  on  ground,  one  is  marked  on  one 
side  "  Wyo.,"  on  another  side  '*  Mon.  45  N.  L.,"  and  another  stone  is 
marked  '*  Dak.  27  W.  L." 

Reference  marks:  Three  stones  set  in  ground  (i  feet  distant  east, 
northwest,  and  southwest  from  station  are  marked  on  top  "  D.,"  "M.," 
and  *' W.,"  resi)ectively. 

[Latitude  44^  59*  55.7  .     Longitude  104    01  57.3  .] 

Meridian  Mark. 

BELLE  FOURCHE,  BUTTE  COUNTY,  SOUTH  DAKOTA. 

L(Rtation  of  station :  In  grounds  of  county  (*-ourt-house. 

Station  mark:  lied  sandstone  i>ost,  GO  by  10  by  10  inches,  set  5G 
inches  in  the  ground,  in  center  of  top  of  which  is  cemented  a  bronze 
bench-mark  tablet. 

Ri^ference  mark:  Southeast  corner  of  court-house,  distant  -47.75 
feet.     True  azimuth  to  Siime  is  107"  10'. 

Distant  nuirk:  North  of  station  1,570  feet,  on  summit  of  sand  hill 
north  of  Belle  Fourche  River,  a  sandstone  post,  about  30  by  12  by  12 
inches,  set  25  inches  in  the  ground,  in  top  of  which  is  cemented  a 
meridian  tablet. 

TEXAS. 
Triangulation  Stations. 

In  March,  April,  and  May,  ll>00,  triangulation  control  wasext^mded 
from  stations  County  Line,  Dexter,  Tex.,  and  Marietta,  Ind.  T.,  west- 
waixl  over  the  Gainesville  and  Montague  quadrangles,  by  Mr.  R.  II. 
Chapman,  toi)ographer. 

In  addition  to  the  occupation  of  the  thi*ee  old  statiojis,  nine  new 
8t4itions  were  selected  and  occupied,  and  four  |K)iuts  were  located  by 
lutei*sectious. 
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HBNSON,  COOKE   COUNTY. 

Oil  H  ]*ocky,  thinly  timl>ered  hill,  about  6  miles  uortheast  of  Gaines- 
ville, al)out  150  yards  northeast  of  Henson\s  house,  about  6  miles 
southwest  from  Callisburg,  and  one-half  mile  east  of  Gainesville- 
Whitesboro  road. 

Theodolite  elevated  18  feet. 

Station  mark:  A  bronze  tablet  cemented  in  rock  in  place  level  with 
surface. 

Reference  marks:  Nail  in  base  blaze  on  post  oak,  azimuth  129°  13', 
distance  42  feet;  nail  in  base  blaze  on  post  oak,  azimuth  243''  54',  dis- 
tance 18.9  feet;  nail  in  base  blaze  on  post  oak,  azimuth  12''  54',  dis- 
tance 14.2  feet. 

[Latitude  33   38  45.87  .     Longitude  97'  08'  24.41  ".] 


To  station- 


Hood     

Hemphill 

Huneycutt 

County  Line ..   '  227  02  59.91 


Azimuth. 

Lost,  distance. 

O                  1                 If 

O                t               11 

Metern. 

70  U  31.76 

250  02  27.00 

4.4311207 

107  57  58.85 

287  51  01.20 

4.8094543 

173  35  18.33 

858  34  54. 10 

4.0030462 

227  02  59.91 

47  06  06.66 

4.0737988 

TT 


HUNEYCUTT,    COOKE   COUNTY. 


On  H  flat,  timbered  ridj^e,  about  12  miles  northeast  of  Gainesville, 
about  one-eighth  mile  west  of  Gainesville-Horseshoe  Bend  road,  and 
one-half  mile  northwest  of  the  widow  Huneycutt's  house,  from 
which  a  vvoo<l  road  passes  station.  Due  east  from  station  is  a  very 
sandy  field. 

Theodolite  elevated  18  feet. 

Station  mark:  A  bronze  tablet  cemented  in  rock  in  place  about  l 
inches  under  surface  of  ground. 

Reference  marks:  Nail  in  blaze  on  blai^k-oak  ti*ee,  azimuth  302® 
13',  distance  36.05  feet;  nail  in  blaze  on  post-oak  tree,  azimuth  44° 
32',  distance  24.10  feet;  nail  in  blaze  on  post-oak  tree,  azimuth  142° 
31',  distance  33.70  feet. 


[Latitude  ST  44'  10.69  '. 

Longitude  97"  04  OS.lO'.l 

To  station— 

Azimutb. 

O               '                    II 

51  41  32.10 
78  29  38.85 
175  10  59.88 
229  01  55.28 
281  08  41.03 
353  34  54. 10 

Back  azimnth. 

Log.  distance. 

Hood       

O                '                    II 

231  33  50.90 
258  23  04.96 
355  10  22.26 
49  05  48.81 
10ri2  12.24 
173  35  18.88 

Meter», 
4.4901191 

Hemphill 

4.2706120 

Marietta ..  

4.8158285 

Dexter 

4.1555001 

County  Line 

8.9994985 

Henson    _.    ._. 

4.008046S 
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GAINESVILLE,  THIRD   WARD   SCHOOL,  COOKE   COTTNTY. 

(Not  cK^ciipied.) 
Station  mark:  Middle  of  stMne  on  cupola  of  Third  Ward  s<»hool 

4 

building. 

TLatitude  33^  38  04.48  .     Longitude  97"  08  51.80  .] 


To  station— 


Hemphill 
Henson  . 


Azimuth. 


tt 


124  83  22. 25 
261  23  52.45 


Back  azimuth. 


304  20  26.20 
81  25  53.85 


Jjog.  distance. 


Atetera. 
4.1248076 

3.9311680 


HEMPHILL,    (K)OKE   COUNTY. 

Oil  a  high,  rolling  prairie,  al)out  11  miles  northwest  from  ftaines- 
ville,  in  pasture  owned  by  J.  (•.  Ilempliill,  just  east  of  line  of  post^ 
(no  wire)  running  north  and  south  and  on  highest  point  in  vicinity. 
It  is  one-half  mile  northeast  from  Hemphill  homestead,  (me-foui'th 
mile  north  of  house  oceupied  by  J.  R.  Hiee,  and  alK>ut  1  mile  north- 
east of  Van  Slack  church. 

Station  mark:  A  bronze  tablet  in  sandstone  post  *M  by  S  l)y  10 
inches,  set  32  inches  in  the  ground. 

[Latitude  33'^  42  09.39  '.     Longitude  97    15  57.65  .] 


To  statiou- 


Azimutli.        I  Back  azimuth. 


21  05  53.53 
62  36  24.98 
92  24  21.45 


Hood    

Muenster  

Meador 

Marietta.  _  214  06  33.63 

Dexter j  245  38  15.59 

Huneycutt 258  23  04.96 

HenBon. 287  51  01.20 


201  03  45.56 

242  32  46.93 

272  17  30.02 

34  12  30.88 

65  48  43.34 

78  29  38.85 

107  57  58.85 


Log.  distance. 


Meter*. 
4.2189604 

4. 0573381 

4.2812156 

4.4684405 

4.5036342 

4. 2706120 

4. 3094543 


HOOD,    COOKE   C^OUNTY. 

On  a  high,  rolling  prairie  ridge,  about  12  miles  southwest  from 
Gainesville,  2  miles  northeast  from  Hood  post-office,  and  5  miles  south- 
west from  Myra  post-office.  In  pastun^  owned  by  W.  P.  Gregory,  57 
yards  northeast  from  J.  F.  Hood's  house,  one-half  mile  south  of  W.  P. 
Gregory's  house,  and  0  feet  west  of  fence  on  west  side  of  road  from 
Myra  to  Hood.  It  is  52  feet  4  inches  north  (G  feet  west)  of  corner 
post  on  line  of  Gregory  and  Hood  property,  between  Gainesville- 
Rosston  and  Gainesville-Forrestbnrg  roads. 

Station  mark:  A  bronze  tablet  in  sandstone  i)ost  30  by  8  by  8  Inches, 
set  30  inohes  in  the  ground. 
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[Latitude  33'  88'  47.98 '.     Longitude  97"  19  48.70  .] 


ToHtation- 


Asimath. 


Jackson  . . 
Me;idor  . . . 
Mnenster  . 
Hemphill 
Hnneycutt 
Henson 


102  82  46.31 
141  01  13.81 
157  42  87. 58 
201  a3  45.56 
231  33  50.90 
250  02  27. 00 


Back  Aziuinth. 


282  29  16.77 

820  56  30. 61 

337  41  07.82 

21  05  53.53 

51  42  32. 10 

70  11  81.76 


Log.  distance. 


Metert, 

4.0004447 

4.8199664 
4.0420488 
4.2189604 
4.4901191 
4.4311207 


MUENSTER,  COOKK   COUNTY.     ^ 

Tlie  belfry  on  tho  Roman  Catholic  Chnr<»h  at  Mnonst-er  was  oeeu- 
pied  at  a  point  about  45  feet  above  ground. 
Station  mark:  CtiU  crass  on  spire  of  <*liui*c]i. 

[Latitude  33"  39  18.81  .     Longritnde  87^  22'  30.87".! 


To  station— 

Azirautli. 

Raf*k  azlmath. 

lAng.  distance. 

O                 1                       II 

O               t                     tl 

Metert. 

Jackson 

34  52  06. 74 

214  50  06. 74 

3. 9901891 

Jim  Ned 

78  57  58. 34 

258  49  28.52 

4.8833586 

Meador 

123  58  48. 57 

303  55  35. 45 

4. 0339101 

Hemphill 

242  32  46.93 

62  36  24. 98 

4.  a573381 

Hood 

337  41  07.82 

157  42  37.58 

4.0420488 

JACKSON,  COOKE   COUNTY. 

On  a  liij^h  rolling  prairie,  about  7  miles  southwest  of  Muenst<^r  and 
7  miles  northwest  from  Hood  (post-office),  one-half  mile  north  of 
Gainesville-Forrestburg  road,  in  pasture  owned  by  J.  S.  Jackson,  one- 
half  mile  northward  from  his  house.  Higher  ground  under  cultiva- 
tion lies  one-fourth  mile  northward  of  station. 

St^ition  mark :  A  bronze  tablet  set  in  fossiliferous  limestone  post,  24 
by  S  by  S  inches,  set  24  inches  in  ground. 

[Latitude  33"  34'  58.40".     Longitude  97"  26'  07.61".] 


To  Htation— 


Jim  Ned 
Muenster 
Hood    ... 


Azimnth. 


100  34  01.41 
214  50  06.74 
282  29  16.77 


Back  azimuth. 


280  27  32. 01 

34  52  06. 74 

102  82  46. 81 


Lofc.  distance. 


Metert. 
4.2660753 

8. 9901891 

4.0004447 


WIL80!ir  BT  AI«.J 


TEXAS. 


183 


MEADOR,    MONT  ACUTE    COUNTY. 

On  a  prairie  knoll,  with  few  small  trees,  alK)nt  4  miles  northeast  of 
Saint  Jo  and  1  mile  noHh  of  Missouri,  Kansas  and  Texas  Railway 
track,  in  "  st^ck  "  yard  owned  by  Meador  Bros.  (Saint  Jo).  The  Saint 
Jo-Marysville  I'oad  passes  about  400  yanls  west  of  station. 

Thewlolite  elevated  18  feet. 

St.ation  mark:  A  bronze  tablet  ceniente<l  in  a  st^me  post,  abont  36 
by  S  l)y  10  inches,  set  30  inches  in  gmn nd. 

[Latitnde  83"  42'  34.81  .     Longitude  97    28  19.05".] 


ToRtatioii 


Jim  Ne<l . 
Saint  Jo 
Mosley . . . 
Hemphill 
Mneiister 
Hood 


Azimuth. 


54  05  15.87 

76  43  55.23 

94  54  05.07 

272  17  30.02 

m\  55  35.45 

320  56  30.61 


Back  azimnth. 

232  59  58.68 
256  42  19. 02 
274  50  04.80 
92  24  21.45 
12:3  5H  48.57 
141  01  13.31 


LoK.diRtancc. 


Meters. 
4. 2604098 
3. 6615794 
4. 0497723 
4.2812156 
4.0330101 
4. 3199664 


SAINT  JO    (SCHOOLHOUSE),    MONTAGUE   COUNTY. 

(Not  occupied.) 

Station  mark:  Point  of  cupola  on  brick  schoolhouse  at  Saint  Jo. 
[Latitude  33   42  00.60  .     Longitude  97   31   12.44".] 


To  Rtation— 


Azimnth. 


JimNe<l    46  5137.99 

Moslev I  106  39  41.46 

Jlemior. 256  42  19.02 


226  47  56.93 

286  37  17.02 

76  43  55. 23 


Meters. 
4. 1489547 

3. 8452950 

3. 6615794 


MOSLEY,  MONTAGUE   COUNTY. 

On  noHheiTi  i>oint  of  prairie  ridji^e,  alM)ut  5  miles  west  of  Saint  Jo, 
3  miles  south  of  Bonita  and  one-half  mile  south  of  Saint  Jo-Nocona 
I'oad,  in  p^isture  owned  by  Luke  Mosley,  who  lives  about  one-half  mile 
northejist  from  station. 

Staticm  mark:  A  bronze  tablet  set  in  a  stcme  post,  30  bj'  10  by  8 
inches,  8t*t  23  inches  in  the  gi'ound. 

R<^ference  mark:  Nail  in  blaze  on  north  side  of  tree  4  inches  in 
diameter.     Azimuth,  333"  32';  distance,  55  feet. 


184       PRIMARY  TRIANQULATION  AND  PRIMARY  TRAVSRSE.    [toix.181. 


[Latitude  33^  43  05.70 ".     Longitude  97^  35'  38.01".] 


To  station— 


Jim  Ned . 
Bowie  ... 
Montatrne 
Meador  .. 
Saint  Jo  . 


Azimuth. 

Bmck  asimnth. 

Of                 «r 

•       1        It 

Meters. 

17  01  14.61 

196  59  57.95 

4.0a56316 

55  00  48.97 

2A  52  13.80 

4. 4669171 

as  16  22.11 

248  12  08.91 

4. 1194725 

274  50  04.80 

94  54  05.67 

4.0497723 

286  37  17.02 

106  39  41.46 

8.8452950 

JIM   NKD,  MONTAGUE   COUNTi'. 

Oil  liij^hest  iK)int  of  a  bare,  flat  hill  known  a.s  **  Jim  Ned  Tx>okout," 
about  8  miles  southwest  from  Saint  .fo,  8  miles  southeast  from  Mon- 
tague Court-House,  and  1  mile  south  of  Dye  post-offiee,  in  pasture 
owned  by  H.  R.  Raymond,  who  lives  one-half  mile  southwest  from 
station.  The  Dye-Bowie  road  passes  one-eighth  mile  west  of  st4ition. 
Theodolite  elevated  18  feet. 

Station  mark :  A  bronze  tablet  cemented  in  sandstone  post,  30  by 
10  by  8  inches,  set  28  inches  in  ground. 

TLatitude  38   36  47.68  .    Longitude  97"  37  51.31".] 


To  Htation- 


Bowie  ... 
Montagne 
Mosley . . . 
Meador  .. 
Mnenster 
Jackson  . 
Saint  Jo  . 


Azimuth. 


75  49  20.60 
124  54  50.57 
196  59  57.95 
233  59  58.68 
258  49  28.52 
280  27  32. 01 
226  47  56.93 


Back  aximath. 


n 


255  42  02. 15 
304  51  54.38 
17  01  14.61 
54  05  15.87 
78  57  58.34 
100  34  0L.41 
46  51  37.99 


LtOiT-  distance. 


Meters. 
4.8389829 

3.9998274 

4.0856216 

4.2604098 

4.8833586 

4.2660752 

4.1489547 


MONTAGUE    COURT-HOUSE,  MONTAGUE   COUNTY. 

(Not  occupied.) 

station  mark:  Figure  of  Justice  on  tower  of  court-house  at  Mon- 
tague. 

[Latitude  33°  39'  53.27' .    Longitude  97^  43'  09.46 '.] 


To  station— 


Mosley . . 
Jim  Ned 


Azimuth. 


Back  azimuth. 


Log.  distance. 


243  12  08.91       63  16  22.11 
304  51  54.33     124  54  50.57 


Meters. 

4.1194725 
3.9998274 
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BOWIE,  MONTAGUE   CM)UNTY. 

(Not  occupied.) 
Station  mark :  Middle  of  top  of  standpijie  in  town  of  Bowie. 
[Latitude  33"  33'  59.37' .    Longitude  97"  51  03.82  '.J 


To  Btation  - 

Azimuth. 

Back  azimuth. 

O                 1                    II 

55  00  48. 97 
75  49  20. 60 

Log.  distance. 

Moeley 

O                 t                    II 

234  52  13.30 
255  42  02. 15 

Metrrs. 
4.4669171 

Jim  Ned - . .     

4. 3239329 

Primary  Traverse. 

In  April  and  May,  1901,  Mr.  W.  M.  Beaman,  topo^apher,  ran  a  line 
of  primary  traverse  sonthward  from  Bell  Mountain  triangulation 
station  across  the  Fredericksburg  and  Boeme  quadrangles,  and  con- 
necting with  the  Boerne  triangulation  station,  a  linear  distance  of  61 
miles.  Three  hundred  and  seventy  transit  stations  were  occupied, 
fi'om  which  the  following  20  geographic  positions  were  compute4l : 

Oeograjihic  positions  along  hightrays  l)eticeen  Bell  Mountain  triangtUation  station 

and  Waring. 


Station. 


latitude.       '  .Jjongitnde. 


Bell  Mountain  triangulation  station 

Fre<1erick8bnrg,  14^  miles  northeast  of,  at  forks  of  Bell 
Mountain- Fredericksburg  and  Bell  Mountain-Wil- 
low City  roads;  bench-mark  post,  elevation  1,749  feet. 

Fredericksburg.  12^  miles  northeast  of,  at  forks  of  Bell 
Mountain-Frederickdburg  and  Willow  City-Freder- 
icksburg roads;  bench  mark  post,  elevation  1,826  feet. 

Fredericksburg,  9i  miles  northeast  of,  north  side  of 
road  near  bend  in  fence;  bench-mark  post ,  elevation 
l,9531eet 

Fredericksburg,  8  miles  northeast  of,  center  of  road 
opi>06ite  a  galvanize<l  stock  tank 

Fredericksburg,  64  miles  northeast  of,  60  feet  east  of 
gate  to  Qrobee'B  ranch;  bench-mark  post,  elevation 
1,724  feet 

Fredericksburg,  4|  miles  northeast  of,  north  sideof  road 
650  feet  northeast  of  Palo  Alto  Creek;  l)ench-mark 
XXMt,  elevation  1,649  feet 


30  26  47.45     98  48  00.12 


30  19  45.7 


30  24  40. 4       98  43  44. 9 


30  22  58. 1       98  44  03. 2 


:\0  21  37.2     !  98  46  10.8 


30  21  23. 0     :  98  46  :U.  6 


30  18  28.8 


98  47  57.0 


98  48  55.2 
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GecHfniphic  jtORitions  nlon^j  highways  between  BeU  MatirUain  iriangnUition  station 

ami  Waring — Contiimed. 


Stotion. 


L*titade. 


Longitude. 


Fredericksburg,  2|  miles  northeast  of,  at  forks  with  a 
settlement  road  running  northward:  bench-mark 
I)08t,  ele vjition  1 ,824  feet  

Fredericksburg,  county  court-house,  southeast  front 
of;  bronze  tablet,  elevation  1 ,708  feet 

Fredericksburg,  forks  of  Fredericksburg- Burnet  and 
Fredericksburg  -  Comfort  lower  roads;  temporary 
bench  mark  on  telephone  pole,  elevation  1,665  feet  . 

Fredericksburg,  3|  miles  southeast  of,  on  Comfort 
lower  road;  temporary  bench  mark,  east  side  of  road 
and  I?  feet  from  fence,  elevation  1 ,635  feet 

Fredericksburg,  3  miles  southeast  of;  milestone  at 
forks  of  Fredericksburg- Austin,  and  lower  Freder- 
icksburg-Comfort  roads,  elevation  1,613  feet 

Fredericksburg,  5  miles  southeast  of;  gate  southwest 
forks  of  settlement  and  Comfort  lower  road 

Fredericksburg,  5^  miles  southeast  of;  culvert  between 
fences 

Pedernales  and  South  Grape  creeks,  summit  of  Fred- 
ericksburg and  Comfort  lower  road  between 

Comfort-Luckenback  and  Comfort- Fredericksburg 
lower  roads,  at  forks  of;  iron  bench-mark  post,  eleva- 
tion 1,784  feet   

Gillespie  and  Kendall  County  line,  stone  post  west  side 
of  road 

Block  and  South  Grape  creeks,  summit  of  Fredericks- 
burg-Comfort  lower  road  between 

Forks  of  Comfort  lower  road  and  lane  westward  to 
Giles  ranch;  bench-mark  post,  elevation  1,611  feet... 

Comfort  and  Waring  road  forks,  at  bend  in  road,  1^ 
miles  north  of;  bench-mark  post,  ele^'ation  1,453  feet. 

Comfort  and  Waring  road  forks;  temporary  bench  mark 
at  milestone,  elevation  1 ,415  feet 

Fredericksburg- Waring  and  Fredericksburg-Sister- 
dale  road  forks;  iron  bench-mark  post,  elevation 
1,553  feet 


o  f  n 


30  17  34.6       98  50  01.1 


30  16  30.2 


30  16  08.7 


30  14  14.9 


30  14  31.4 


98  52  17.1 


98  51  23.9 


30  12  19.4 


30  10  07. 1 


30  09  02.5 


30  08  38.8 


30  06  Wi.O 


30  04  04. 5 


30  01  53.0 


30  00  42.0 


29  59  41.0 


98  50  49.9 


98  50  28.6 


30  12  39.1       98  50  25.8 


98. 50  08. 2 


98  49  17.3 


98  49  04.4 


98  49  03.6 


98  49  10.7 


98  49  42.6 


98  49  58.6 


98  50  02.6 


98  40  04.5 


WIL80N  BT  AL.] 


MONTANA. 


187 


Geitgraphie pivHtioiiH  along  San  Anionio  and  Aransas  Pass  Railroad, 


Station. 


Waring,  road  crossing  300  feet  north  of 

Road  crossing,  00  feet  north  of  milepost  281 

Welfare,  water  tank 

Public  road  crossing,  1,135  feet  north  of  milepost  278  . . 
Road  nnder  railroad,  one- third  luile  north  of  mile  post 

270 

Milepost  273 


Ijatitnde. 


29  57  01.2 
29  56  22. 5 
29  54  27.2 
29  53  57.4 

29  52  31.1 
29  49  45.2 


Jjongitude. 


// 


98  48  16.0 
98  47  18.3 
98  47  08.9 
98  47  06.0 

98  46  18.3 
98  45  42. 2 


Geograj)hir  2>ositwnJ<  Itefu^'vii  lUwrne  City  ami  Boern4».  iriamjnlaiion  station. 


station. 


latitude. 


Tx)nfntndo. 


Boerne,  intersection  of  Main  street  and  street  to  Boerne 


29  47  30.9 


m  43  54.2 


Hotel 

Boerne.  1  mile  southwest  of;  middle  of  lane,  roads  to 
Boerne,  Bandera,  and  Balcones  ranch ...    29  46  45. 3        98  44  14. 6 


Boerne.  triangulation  station 29  45  27. 24 


98  45  30.75 


MONTANA. 
Secondary  Triangulation  Stations. 

Ill  tlio  fall  of  10O()  Mr.  R.  H.  Chapman  addcMl  two  now  stations — 
IIospit.al  and  Colnmbiji — to  tlie  local  sehonie  at  Hiitte,  and  a  new 
station  was  <»stal)lishcHl  at  Walkervillo  within  a  f(»w  foot  of  tho  site 
of  tlio  fornior  one. 

From  theso  and  other  stations,  inelndina:  many  *H]iree-point"  loca- 
tions, numerous  mines,  shaft  houses,  tunnel  mouths,  and  ji^allows 
frames,  1(K)  point**  in  all,  were  located  in  the  vicinity  of  liutt^  in  order 
to  give  accurate  control  for  underground-mine  nui ps. 

The  positions  given  are  from  preliminary  computations  only,  no 
figure  or  station  mljustment  having  lH»en  made. 


HOSPITAL,  SILVERKOW    (BOUNTY. 

On  long  smooth  western  slope  of  East  Ridge,  about  one-fourth  mile 
nearly  due  south  from  lioston  and  Montana  Hospital,  and  923  feet 
from  northwest  corner  of  collar  of  Atlantic  sluift,  whicli  Invars  N. 
118°  W  ;30"  K. 

Statiim  mark:  An  aluminum  t^iblet  cemented  in  granite  block  30 
by  H  ])y  S  inches,  sot  24  inches  in  tlie  ground. 
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[Latitiide  46   01   38. S6'.     Lon^tnde  112"  29'  41.06".] 


Tr  Btation— 

Azimnth. 

Back  AsUnath. 

Lotf*  distance. 

O                   /                «/ 

O                (             II 

Meter*. 

Three  ( Roadway) 

22  02  11 

202  01  24 

3.59033 

Walkerville. 

119  04  42 

299  03  05 

3. 52146 

Colnmbia 

298  35  53 

118  36  12 

3. 30127 

Southeast  Base 

346  34  52 

166  35  16 

3.48314 

COLUMBIA,  SILVKRBOW   COUNTY. 

On  roc.ky  hill  alKUit  1  mile  north  of  Columbia  Garden,  on  first  rid^e 
south  of  Horse  Canyon.  It  is  the  hijifhest  point  on  ridge  west  of  road 
from  Homet^take  mine  to  Columbia  (harden,  and  about  three-fourths 
mile  west  from  mine. 

Station  mark:  An  aluminum  t^ablet  cemented  in  rock  in  place. 

[Latitude  48"  01  07.36  .     Lonidtude  112"  28'  20.29  ".] 


To  HtAtion— 


Three  (Roadway) 

BigButt^ 

Walkerville 

Hospital    


Azimuth. 


50  31  01 

92  46  56 

118  55  19 

118  36  12 


Back  asimuth. 

Lkiic-  distance. 

o               >            /' 

Metera. 

230  29  13 

3.62009 

272  43  12 

3.82855 

298  52  43 

3.72625 

298  35  53 

3.30127 

WALKERVILLE,  SILVERBOW  COUNTY. 

On  low  summit  covered  with  granite  bowlders,  one-fourth  mile  north 
of  brick  schoolhouse  at  Walkerville,  and  one-half  mile  northeast  of 
shaft  house  at  Alice  mine.     Elevation  6,403. 

Station  mark:  An  aluminum  tablet  cemented  in  granite  bowlder 
just  north  (25  feet  approximate)  of  prospect  hole  on  *' First  Stake" 
claim  an<l  al>out  250  feet  east  of  Buttc-Stringtown  I'oad. 

[Latitude  46"  02  30.66  .     Longitude  112"  31'  57.02".] 


To  station - 


Big  Butte 

Columbia 

Hospital 

Southeast  Base 


Azimuth. 


42  36  51 

298  52  43 

299  03  05 
321  39  35 


Back  azimuth. 


222  35  32 

118  55  19 

119  04  42 
141  41  36 


Loff.  distance. 


Metera. 

8.48500 

8.72625 
3.62146 
3.76498 
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TUNNEL   10"   PROSPECT,  SILVERBOW   COUNTY. 

Pro8i)e«t  hole  on  highest  point  of  hill  soutliwest  from  Tunnel  10, 
Montana  Central  Railway.     The  ridge  is  a  spur  fi-oni  "East  Ridge 
and  is  cut  through  by  the  railway  tunnel. 

Center  of  pi-ospect  hole  is  4.5  feet  east  from  position  given. 

[Latitude  46   01'  28.06  .     Longitude  112^  28  40.08' .] 
Mines  located  near  Butte. 


Name  ot  mine. 


Gopher 

Nora 

Idnna 

Shaft  at  northeast 
corner  of  South 
Gteylord  and  £^t 
Mercury  streets. 

Westlake . 

Shaft  on  lot  east  of 
No.  432  East  Park 
street. 

Oneida 

Pat  Wall  &Ck) 

Neva 

Bell 

Shaft  at  northeast 
corner  of  North  At- 
lantic and  East  Gh- 
lena  streets. 

Monita  . . 

West  Stewart 

Anaconda 

Diamond 

Neversweat 


Point  located. 


Latitude. 


Lonflritude. 


West  post  of  gallows  frame. 
West  post  of  gallows  frame 
West  post  of  gallows  frame. 
Middle  of  gallows  frame 


i  46  00  51.77 
46  00  58.63 
46  00  47. 73 
46  00  51. 16 


North  post  of  gallows  frame. 
Bast  post  of  gallows  frame    . 


46  00  51.38 
46  00  54. 72 


East  post  of  gallows  frame  . 
West  post  of  gallows  frame. 
West  post  of  Kallows  frame 
Center  of  gallows  frame  . . . 
West  post  of  gallows  frame. 


46  00  50.06 
46  00  47. 76 
46  00  47. 25 
46  01  35.96 
46  00  53. 55 


112  31  05.04 

112  31  03.01 

112  31  09.02 

112  31  12.88 


112  31  09.37 
112  31  37.62 


J.LC 

Little  Rosa 

Widow  Reed  (owner) . 

St.  Lawrence.  .• 

St.  Lawrence 

Mine  south  of  Moun- 
tain View. 

Boston  and  Montana 
No.  7. 

Belmont 


West  |K>8t  of  gallows  frame 
West  post  of  gallows  frame 

Middle  of  gallows  frame 

Flagstaff  over  shaft 

Middle  of  gallows  frame 

Middle  of  gallows  frame 

Middle  of  gallows  frame.  .. 

Middle  of  gallows  frame 

Middle  of  gallows  frame.  . . 
Middle  of  big  ventilator  .  . . 
Middle  of  gallows  frame 


Middle  of  gallows  frame. 


Ventilator  shaft. 


112  30  47.04 
112  30  45.99 
112  30  42.75 
112  31  22.80 
112  31  24.36 


46  00  48. 07 

112  30  53.07 

46  01  12.88 

112  32  07.27 

46  01  11.08 

112  31  24.71 

46  01  36.96 

112  31  27.63 

46  01  08.84 

112  31  34.02 

46  00  43. 71 

112  31  00. 32 

46  01  01.45 

112  31  25.52 

46  01  00. 06 

112  31  02.65 

46  01  08.75 

112  8ril.26 

46  01  11.94 

112  31  11.40 

46  01  11.58 

112  31  06.06 

46  01  05.74 

112  29  14.63 

46  00  48.23 

112  81  20.42 
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Namu  of  mine. 


Mines  htcaied  netir  Butte — Continued. 


Point  located. 


Modoc 

West  Colusa 

Minnie  Healy 

Minnie  Healy      .    . . 

Leonard  

£^t  Colusa 

Bordeaux 

Speculator    

L.E.H 

Humboldt 

Buffalo 

Mountain  Con  No.  2 
West  Grayrock     . . 

Green  Mountain . .   . 

Wake-up-Jiiu    

Nipper .    

Nipper 


Little  Mina 

Gagnon 

Josephine 

Magna  Charta 

Lilly 

'*Doc"    Wierhurst 
(owner). 

Valdemere 

Moose 

East  Grayrock 

Poulin 

HighoreNo.2 

Ramsdell  Parrot 

Colusa  Parrot 

Sirius  . 

Balaklava 

Mountain  Chief 

Sioux  Chief      

Old  Joe  (fraction) 

Adirondack 


M  iddle  of  hood  on  shaft  house . 

Middle  of  gallows  frame.   . 

Middle  frame  over  southeast 
shaft 

Middle  frame  over  northwest 
shaft. 

Flagstaff 

Middle  comb  on  shaft  house  . 

Middle  of  gallows  frame 

Middle  of  gallows  frame     . . . 

Middle  of  gallows  frame.   . . . 

Ventilator    

Middle  comb  on  shaft  house 

Flagstaff.- 

Intersection  of  gables  on 
shaft  house. 

Flagstaff 

Middle  comb  on  shaft  house  . 

Middle  frame  of  vertical  shaft. 

Middle  frame  at  top  of  incline 
shaft. 

South  ventilator 

Flagstaff  . 

Middle  of  west  gallows  frame 

Flagstaff 

Middle  of  gallows  frame . 

Stack,  tunnel  south  of  Co- 
lumbia garden. 

Flagstaff  -  - 

Flagstaff 

Flagstaff 

Flagstaff 

Middle  of  gallows  frame 

Peak  of  gallows  frame 

Flagstaff 

Middle  of  gallows  frame 

Middle  of  gallows  frame 

Middle  of  gallows  frame 

Middle  of  gallows  frame 

Ventilator. 

Middle  of  gallows  frame 


Latitade. 

Longitude. 

o             » 

46  01 

1, 
31.27 

O                 1                 II 

112  30  49.92 

46  01 

23.74 

112  30  43.04 

46  01 

18.13 

112  30  32.50 

40  01 

18.  a-j 

112  30  33.51 

46  01 

22.21 

112  30  30  92 

46  01 

26.49 

112  30  25.27 

46  01 

28.93 

112  30  02.80 

46  01 

39.52 

112  31  09.61 

46  01 

17.20 

112  31  26.07 

46  01 

28.94 

112  32  19. 19 

46  01 

29.64 

112  32  12.50 

46  01 

30.70 

112  31  56.48 

46  01 

42. 14 

112  31  44.21 

46  01 

33.87 

112  31  41.90 

46  01 

38.20 

112  31  35.52 

46  01 

14.22 

112  31  44.07 

46  01 

14.98 

112  31  46.74 

46  01 

17.96 

112  31  50.78 

46  01 

08.84 

112  32  19.53 

46  01 

49.00 

112  31  58.99 

46  02  07.02 

112  81  56.26 

46  01 

07.98 

112  28  58.70 

46  00 

17.40 

112  27  29.06 

46  02  06. 02 

112  31  44.25 

46  02  01.46 

112  31  40.46 

46  01 

38.32 

112  31  30.76 

46  01 

26.93 

112  32  23.94 

46  01  26. 22 

112  31  09.52 

46  01 

06.36 

112  31  37.67 

46  01 

06.31 

112  31  40.02 

46  01 

32.12 

112  30  30.34 

46  01 

34.30 

112  30  38.54 

46  01 

36.50 

112  30  39.82 

46  01 

39.36 

112  30  51.90 

46  01 

39.02 

112  31  00.96 

46  01 

41.20 

112  31  09.14 

WILSON  ET  AU] 


MONTANA. 


191 


Miiu'8  ItHxitexi  iwar  Butte — Continued. 


Name  ut  mine. 


Tycoon  ....   

Speculator  No.  6 

Gem 

Wild  Bill 

Cora  (east) 

Atlantic _ 

Star 

Tramway 

Mountain  View 

Pamell 

Stewart _ 

Original 

Parrot 

Washoe 

Bluejay 

Moonlight 

Sarsfield 

Bellona 

Amazon  

Altona   

Homestake 

Clinton 

B.  «&M.  No.  4 

Sinbail 

Bill  Moran  (owner)  . 

Glass  Bros 

Rams 

Glengary 

Shaft  west  of  south  of 

Anaconda  mine. 
Mine     southeast     of 

Neversweat  shaft. 

Silverbow 

Silver Ik)W  No.  3 

Berkeley    

Pennsylvania 


Point  located. 

Middle  of  gallows  frame 

Middle  of  gallows  frame 

Ventilator 

Middle  of  gallows  frame. .   . 

Ventilator 

Northwest  corner   of    shaft 

collar. 
Middle  comb  of  shaft  house. 

Ventilator -     

Middle  of  gallows  frame 

Middle  of  gallows  frame 
Middle  of  gallows  frame .   . . 

Flagstaff .- 

Middle  of  gallows  frame.    . . 

Middle  of  cupola 

Middle  of  gallows  frame 

Middle  of  gallows  frame 

Middle  of  gallows  frame 

Middle  of  gallows  frame 

Middle  of  gallows  frame 
Middle  of  gallows  frame     . . 

Ventilator 

Boiler  stack  at  tunnel    

Middle  of  gallows  frame. . . . 

Middle  of  gallows  frame 

Middle  of  gallows  frame. . . 

Middle  frame  of  shaft 

Vertical   bolt  in  middle  of 

stay  frame  east  of  shaft. 
Middle  of  gallows  frame     . . 
Middle  of  ventilator.    

Middle  of  gallows  frame . . . . 

Ventilator 

Flagstaff  

Flagstaff.         

Middle  of  gallows  frame 


Latitude. 


40  01  42.74 
46  01  41.92 
46  01  48.44 
46  01  42. 94 
46  01  47. 46 
46  01  33. 87 


46  01 
'  46  01 
46  01 
46  01 
46  01 
46  01 
46  01 
46  01 
46  01 
46  01 
46  01 
46  01 
46  00 
46  00 
46  01 
46  01 
46  01 
46  01 
46  00 
46  00 
46  01 


Lontdtiido. 


28.29 
11.82 
16. 55 
20. 67 
13.00 
08.66 
06.98 
04.95 
02. 65 
01.31 
00.32 
01.92 
22.36 
21.02 
25. 38 
29.32 
38.29 
23.28 
11.22 
43.48 
07. 2^4 


46  00  44. 60 
46  01  04.28 

46  01  06. 03 

46  00  53.90 
46  00  44. 59 
46  01  02. 12 
46  00  59. 28 


12  31  17. 12 
12  31  25.40 
12  30  54. 71 
12  31  27.50 
12  31  38. 14 
12  29  30.57 


12  32 
12  30 
12  31 
12  31 
12  31 
12  32 
12  31 
12  31 
12  31 
12  81 
12  28 
12  31 
12  28 
12  28 
12  27 
12  27 
12  30 
12  29 
12  28 
12  30 
12  30 


18.08 
32.70 
05.76 
19.92 
53. 56 
16.68 
35. 85 
57. 58 
48.53 
32.74 
53.00 
36.96 
51.40 
46. 04 
57.53 
50. 12 
m.  54 
16.30 
39.60 
09.48 
43. 41 


12  30  44.80 
12  31  28. 25 

12  81  81.01 

12  30  42. 20 
12  30  36.28 
12  30  37.10 
12  30  53.77 
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Triangulation  Stations. 

The  following  stations  form  a  belt  of  quadrilaterals  which  starts 
from  a  line  of  the  United  States  Coast  and  Geodetic  Survey  station 
Deseret-Nebo,  and  extends  northeasterly  and  then  easterly  along  the 
forty- first  parallel  of  latitude  through  the  Uinta  Forest  Reserve. 
Nine  of  these  stations  were  published  in  the  Nineteenth  and  the 
remainder  in  the  Twentieth  Annual  Report  of  the  United  States 
Geological  Survey.  All  the  positions  have  been  recomputed  and 
based  on  the  "U.  S.  Standard"  datum,  and  are  now  republished  with 
coiTected  values. 

NEBO,  JUAB   COUNTY,  UTAH. 
[Latitude  39"  48  39.11'.     Longitude  111^  45'  56.92".) 


To  Mlation— 


Deseret 

Timpanogos 

Spanish  Fork  Peak 


Azimuth. 

Back  azimach. 

LfOg.  difltjuioe. 

>j       1        II 

O                 '                    " 

Mtttrt, 

134  47  27. 68 

314  14  12.20 

5.0118874 

189  49  32.25 

9  54  38. 61 

4.8107167 

213  26  56.70 

38  86  08.50  • 

i 

4.5674464 

DESERET,  TOOELK   COUNTY,  UTAH. 
[Latitude  40^  27  35.30  .     Longitude  112   37  32.55 ".] 


To  Htatiou— 


Timpanogos 

Spanish  Fork  Peak 
Nebo 


Azimuth. 

275  20  54.42 
293  28  17.08 
314  14  12.20 


Back  azimuth. 


95  59  25.06 
114  10  51.86 
184  47  27.68 


LfOtf.  diHtance. 


Gutter ». 
4.9264460 

5. 0092198 

5.0118874 


TIMPANOGOS,  UTAH   COUNTY,  UTAH. 
[Latitude  40   23'  04.92  '.    Longitude  111    38'  09.04".] 


To  Htatiou— 

Azimuth. 

Back  azimnth. 

1 

NelK)  .. 
Deseret 

U                   '                      II 

9  54  33.61 
95  59  25.06 
195  47  43.75 
227  15  07.05 
270  51  37. 53 
344  15  55.66 

189  49  32.25 

275  20  54.42 

15  50  42. 67 

47  32  13. 42 

91  09  34.01 

164  20  08.53 

Meten. 
4. 8107167 

4.9264460 

Clayton 
Kamas 

4.3766781 

4. 7032109 

Currant  Creek  Peak 

4.5932849 

Spanish 

Fork  Peak 

4.5840282 
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SPANISH   PORK   PEAK,  UTAH   COUNTY,  UTAH. 
[Latitude,  40^*  05'  17.46".     Longitude,  111^  31'  37.56".] 


To  station— 


Nebo 

Defleret 

Timpanogos 

Kamaa 

Currant  Creek  Peak 

Strawberry 

Grey  Head 

Indian  Head 


Azimuth. 

Back  azimuth. 

Ij<>g.  difltanoe. 

o                »                // 

o            /            // 

Meters. 

33  36  08. 50 

213  26  56. 70 

4.5674464 

114  10  51.86 

293  28  17. 08 

5.0093108 

164  20  08. 53 

344  15  55.66 

4.5340282 

202  33  01.42 

22  45  51.01 

4. 8616269 

222  51  16.76 

43  04  57. 11 

4.6439550 

275  25  26. 49 

96  46  24.82 

4.6678909 

280  38  47.23 

101  10  20. 60 

4.8518116 

293  26  04.72 

113  50  18. 17 

4. 7662870 

CURRANT  CREEK   PEAK,  WASATCH   COUNTY,  UTAH. 
[Latitude,  40   22  42.51".     Longitude,  HI'  10  27.48'.] 


To  station— 


Spanish  Fork  Peak 

TimpanogoB 

Clayton  Peak 

Wanship        

Kamas 

Grey  Head 

Peak 

Strawberry 


Azimuth. 

Back  azimuth. 

Lo^.  diatanoe. 

t       1       fi 

u                 /                 I* 

Meter; 

43  04  57.11 

222  51  16.76 

4. 6439550 

91  09  34.01 

270  51  37. 58 

4. 5932849 

125  59  02. 55 

305  44  02. 70 

4. 6050691 

154  05  43.90 

333  53  53. 12 

4. 7704972 

176  49  22.38 

356  48  28. 80 

4. 5431299 

318  55  39. 11 

139  13  38. 95 

4. 7815030 

323  24  40.00 

143  40  47. 00 

4. 7763501 

336  10  21.58 

156  17  4;>.70 

4. 6040241 

CLAYTON    PEAK,   AT   CORNER    OF   SUMMIT,   SALT   LAKE,    AND   WASATCH 

COUNTIES,  UTAH. 

[Latitude  40   35'  27.40  .     Longitude  111'  IW  33.4S '.J 


To  tstatlon- 


Azimuth. 


Timpanogos ;    15  50  42.67 

Wanship 

Porcupine 

Kamas 

Currant  Creek  Peak 


192  51  38.26 
218  28  39.76 
249  40  20. 57 
305  44  02.70 


Back  azimuth,  j  Log.  distance. 


II 


195  47  43.75 
12  54  45. 17 
38  46  17. 17 
69  54  29. 61 

125  59  02.55 


Meters. 
4. 3766781 

4. 4792754 

4. 7836351 

4. 5137508 

4. 6050691 


BulL  181—01- 


i;^ 
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KAMAS,  SUMMIT  COUNTY,  UTAH. 
[Latitude  40**  41'  88.01".     Longitude  111*'  11'  49.91".] 


To  Htation— 


Spanish  Fork  Peak  . 

TimpanogoB ... 

Clayton  Peak 

Wauflhip 

Porcupine 

Medicine  Butte. .  .. 

La  Hotte  Peak 

Currant  Creek  Peak 


WANSHIP,   ON   BOUNDARY   LINE   BETWEEN   SUMMIT   AND   MORGAN 

COUNTIES. 

[Latitude  40^  51'  20.24".     Longitude  IIT  28'  46.97 '.] 


Azimath. 

Lofp.  distance. 

•       '        /' 

0                '                 " 

UrUrt, 

23  45  51.01 

202  38  01.42 

4.8516260 

47  32  18. 42 

227  15  07.05 

4. 7032109 

69  54  29.61 

249  40  20. 57 

4. 5137506 

127  18  26.78 

807  07  22.51 

4.4763953 

191  28  84.44 

11  82  00. 20 

4. 5674671 

198  17  51.24 

18  29  16. 19 

4.8880062 

256  19  48.60 

76  87  15. 85 

4.5880839 

856  48  28.80 

176  49  22.88 

4. 5431299 

To  station- 


Clayton  Peak    

Medicine  Butte 

Porcupine . 

Elizabeth  Mountain 

La  Motte  Peak 

Kamas 

Currant  Creek  Peak 


Azimuth. 

Back  azimuth. 

Log.  distance. 

O                   1                    II 

H                 1                   II 

MttfT*. 

12  54  45. 17 

192  51  38.26 

4. 4792754 

220  51  58.21 

41  14  82.92 

4. 8645769 

239  44  46.60 

59  59  19.11 

4.5565231 

257  40  58. 82 

78  10  26. 43 

4.8101140 

278  08  42. 73 

98  37  16.48 

4. 7981848 

307  07  22. 51 

127  18  26. 78 

4.4763953 

333  53  53. 12 

154  05  48. 90 

4. 7704972 

PORCUPINE,    SUMMIT   COUNTY,    UTAH. 
[Latitude  40'  01'  06.39  ".     Longitude  lir  06'  35.38".] 


To  Htation— 


Azimuth. 


Back  azimuth. 


Kamas 

Clayton  Peak 


11  32  00.20 
38  46  17. 17 


n 


Wanship   59  59  19.11 


Medicine  Butte 

Elizabeth  Mountain 
La  Motte  Peak 


204  31  22. 53 
278  01  22.26 
311  49  13.93 


191  28  34. 44 
218  28  39.76 
239  44  46. 60 
24  39  22. 57 
98  16  19. 18 
132  03  18.71 


Lo|r.  distance. 


Meten. 

4. 5674671 

4. 7886351 
4.5565221 
4. 6109744 
4.5089883 
4. 6085751 
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LA  MOTTE  PEAK,   SUMMIT  COUNTY,   UTAH. 
[Latitude 40"  46'  26.67".    Longitude  110"  45'  05.04 '.] 


To  station^ 


Kamas 

Wanahip  

Porcupine 

Medicine  Butte 

Elizabeth  Mountain 

Bridger  Butte 

Gilbert  Peak 


Azimuth. 


76  37 
98  37 
132  03 
168  31 
184  33 
202  30 
260  50 


// 
15.85 
16.48 
18.71 
24.33 
11.98 
52.24 
54.64 


Back  azdmuth. 


It 


256  19  48.60 

278  08  42.73 

311  49  13.93 

348  25  15. 56 

4  34  02.28 

22  42  12. 37 

81  07  03.28 


Log.  distance. 


Meters. 
4.5880839 

4. 7931848 

4. 6085751 

4. 8168173 

4. 3547610 

4. 7989716 

4.5463910 


ELIZABETH  MOUNTAIN,   SUMMIT  COUNTY,   UTAH. 

[Latitude  40"  58'  38.09' .    Longitude  110'  43'  48.18 ".] 


To  station- 


La  Motte  Peak 

Wanahip  

Porcupine 

Medicine  Butte 
Bridger  Butte . 
Sage  Creek..:. 
Gilbert  Peak  . . 


Azimuth. 


// 


4  34  02.28 
78  10  26. 43 
98  16  19. 18 
160  25  21.23 
212  05  39. 46 
248  57  50. 75 
297  15  45.93 


Back  azimuth. 


// 


184  33  11.98 
257  40  58.82 
278  01  22.26 
340  18  21.14 
32  16  10.43 
69  21  36. 34 
117  31  06.26 


hog.  distance. 


Metert, 
4. 3547610 

4. 8101140 

4.5089383 

4. 6461719 

4.6282448 

4. 7341364 

4.5688482 


MEDICINE  BUTTE,  UINTA   COUNTY,  WYO. 
[Latitude  41 '  21'  09.90  '.     Longitude  110  54'  26.39 ".] 


To  station  — 


Kamas 

Porcupine 

Wanahip 

Bridger  Butte 

Gilbert  Peak 

Elizabeth  Mountain 
La  Motte  Peak 


Azimuth. 


/( 


18  29  16. 19 
24  39  22. 57 
41  14  32.92 
279  15  39.35 
320  44  12.65 
340  18  21. 14 
348  25  15.56 


Ba(;k  azimuth. 


// 


198  17  51.24 
204  31  22.53 
220  51  58.21 
99  33  14. 11 
141  06  35. 92 
160  25  21. 2;^ 
168  31  24. 33 


Log.  distance. 
Meiers. 

4.8880052 
4. 0109744 
4. 8645769 
4. 5758129 
4.8789648 
4. 6461719 
4.8168178 


196      PRIMARY  TRI ANGULATION  AND  PBIMABY  TRAVERSE,   [■uu.ltt. 


BRIDGER  BUTTE,  UINTA   COUNTY,  WYO. 

[Latitude  4r  17'  50.40 '.    Longitude  110"  37'  49.07 ".] 


To  BtatioD— 


La  Motte  Peak 

Elizabeth  Mountain 

Medicine  Butte 

Sage  Creek ., 

GUbertPeak 


Azimuth. 

o  /  tt 

22  42  12.37 

32  16  10.43 

99  33  14. 11 

299  51  00. 03 

348  44  47.41 


I 


Back  JUKimnth. 

202  30  52. 24 
212  05  39.46 
279  15  39. 35 
120  04  18. 12 
168  49  40.71 


LiOff.  distance. 


MeterB, 
4. 7989716 

4.6232448 

4. 5758129 

4. 5126707 

4.7293086 


GILBERT  PEAK,  ON   LINE   BETWEEN  WASATCH   AND  SUMMIT  COUNTIES, 

UTAH. 


[Latitude  40^  49'  35.45".    Longitude  110^  20'  22.56".] 


To  Htation— 


Azimutb. 


La  Motte  Peak 

Elizabeth  Mountain 


// 


81  07  03. 28 
117  31  06.26 


Medicine  Butte ,  141  06  35.92 


Bridger  Butte 
Sage  Creek... 
Turtle  Bluff- . 


168  49  40. 71 
206  07  18.94 
218  40  53.40 

Widdop '  235  56  47.98 

244  49  20. 32 
260  49  03. 06 
278  00  01.68 
285  57  57.66 


Phil  Pico... 
North  Burro 
Leidy  Peak  . 
Marsh  Peak . 


Back  azimuth. 


It 


260  50 

297  15 

320  44 

348  44 

26  15 

38  51 

56  07 

65  05 

80  55 

98  19 

106  18 


54.64 
45.98 
12.65 
47.41 
40.40 
45.65 
25.77 
47.90 
32.98 
51.90 
00.22 


Log.  distance. 


Meterg, 
4.5463910 

4.5688482 

4.8789648 

4.7293086 

4.6073643 

4. 5701299 

4. 4393071 

4.5907433 

4.1507944 

4. 6349144 

4.6528536 


SAGE   CREEK,  UINTA   COUNTY,  WYO. 
[Latitude  41    09  03.30  '.     Longitude  110^  07'  38.02".] 


To  station— 


Nortli  Burro 

Gilbert  Peak 

Elizabeth  Mountain 

Bridger  Butte 

Phil  Pico 

Turtle  Bluff 


Azimuth. 

o           1            n 

Back  azimuth. 

Log.  diatanoe. 

o               '                  // 

Meters. 

6  35  39. 39 

186  33  49. 02 

4.5854887 

26  15  40.40 

206  07  18.94 

4.6073643 

09  21  36.34 

248  57  50. 75 

4. 7841364 

120  04  18. 12 

299  51  00.03 

4. 5126707 

318  43  47.07 

138  51  55.70 

4.4210797 

323  48  45.24 

143  51  16.87 

3.9597700 

346  50  12. 14 

166  52  29.89 

4. 8881520 
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TURTLE   BLUFF,    ITJNTA   COUNTY,    WYO. 
[Latitnde  41'  05'  04.76".     Longitude  1 1 0   08'  47.44  '.  ] 


To  station— 


Widdop 

Gilbert  Peak 
Sage  Creek.. 
Phil  Pico... 
Milepo6t814. 
Milepost  815. 


Azimnth. 

o  /  // 

2  08  07.42 
38  51  45.65 
143  51  16.87 
316  05  50.87 
344  06  02. 80 
353  18  40. 62 


Back  azimuth. 


// 


182  02  53. 73 
218  40  58.40 
323  48  45.24 
186  11  27.82 
164  07  20. 11 
173  19  12.48 


LoK.  distance. 


Meter*. 

4. 1842101 
4.5701209 
8. 9597700 
4. 2882357 
4. 0021400 
8. 98a3a51 


WTDD<^)P,    SUMMIT   COUNTY,    UTAH. 
[Latitnde  40^^  57'  43.48  .     Longitude  110"  04'  08.80 '.] 


To  station- 


North  Burro 
Gilbert  Peak 
Sage  Creek. 
Turtle  Bluff. 
Milepost  814 
Phil  Pico  ... 
Leidy  Peak. . 


Azimuth. 

84  01  87.55 
56  07  25. 77 
166  52  29.87 
182  02  53.78 
219  22  54. 67 
264  46  20. 88 
817  12  08.88 


Rack  azimuth.      Tx>g.  diHtam^. 


213  57  30.09 

235  56  47.98 

846  50  12. 14 

2  03  07. 42 

89  24  25. 56 

84  52  11.10 

187  21  22.82 


^fetert. 

4. 1992517 
4. 4393071 
4. 3331520 
4. 1342101 
3.7081856 
4.0983480 
4. 4661622 


NORTH    BITKRO,    SUMMIT   COUNTY,    1  TAH. 
[Latitude  40   50  38.28  '.     Longitude  110    10  26.28  '.] 


To  station— 


GUbert  Peak 
Sage  Creek. . 

Widdop 

Phil  Pico... 
Leidy  Peak.. 


Azimuth. 


80  55  32.98 
186  33  49. 02 
213  57  80.09 
236  11  30.26 
286  08  29.01 


Bock  azimuth.      Log.  distauco. 


260  49  03.06 

6  85  89.39 

34  01  37. 55 

56  21  27. 54 

106  21  49.80 


Meters. 

4. 1507944 
4.5354887 
4. 1992517 
4.4093584 
4. 4759231 
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MILEPOBT  315,  UTAH-VYOMINO. 
[Latitude  40"  59'  51.29  .    Longitude  110"  02'  58.92' .] 


To  station- 

Azimuth. 

Back  azimath. 

Loi;.  distance. 

Turtle  Bluff 

Milepo8t314 

o                1                   II 

178  19  12.48 
269  50  10.40 
284  27  85. 04 

O                «                    II 

a'lS  18  40. 62 

89  50  55. 84 

104  32  39.87 

Metert. 

3.9888851 
3.2092433 

Phil  Pico 

4.0500968 

UINTA,  SWEETWATER  COUNTY   LINE,  INITIAL  POINT,  WYOMING. 
[Latitude  40"  59'  51.30".     Longitude  110"  02'  54.aT'.] 

MILEPOST   314,  UTAH-WYOMING. 
[Latitude  40"  59'  51.43 ".    Longitude  110"  01'  49.65".] 


To  Rtation— 


Widdop .... 
Milepost  315 
Turtle  Bluff 
Phil  Pico  . . 


Azimuth. 


II 


39  24  25.56 

89  50  55.84 

164  07  20.11 

286  58  46.33 


Back  azimuth. 

219  22  54. 67 
269  50  10.40 
344  06  02.80 
106  58  05.74 


Lo^.  distance. 


Meter». 

3. 7081856 
3.2092482 
4.0021400 
3. 9851925 


PHIL   PICO,  UINTA   COUNTY,  UTAH. 
[Latitude  40    58  20.18  .     Longitude  109^  55'  14.14".] 


To  Btation— 


Azimuth. 


North  Burro 

Gilbert  Peak 

Widdop 

Milepost  31 5 

Milepost  314 

Turtle  Bluff 

Sage  Creek 

Twin  Buttes 

Richards  Butte  . . 

Lena 

Trout  Creek  Peak 

Leidy  Peak 

Marsh  Peak 


56  21  27.54 
65  05  47.90 
84  52  11.10 
104  32  39.87 
106  58  05.74 
136  11  27.82 
188  51  55.70 
218  14  15.28 
264  33  43.03 
295  34  16. 38 
318  53  50.69 
342  00  22. 18 
344  53  55.73 


Lo^.  distance. 


236  11 
244  49 
207  28 
284  27 
286  53 
316  05 
318  43 
38  22 
84  57 
115  54 
139  02 
162  03 
164  57 


n 

MeUrM. 

30.26 

4.4093534 

20.32 

4.5907438 

30.66 

4.0988480 

35.04 

4.0500968 

46.33 

3.9851925 

50.87 

4.2382857 

47.07 

4. 4210797 

46.53 

4.4668992 

58.50 

4. 7166557 

08.97 

4.6754428 

11.33 

4.4358754 

47.16 

4.8762588 

33.64 

4. 4774812 
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LEIDY  PEAK,  UINTA   COUNTY,  UTAH. 
[Latitude 40^  46'  06.79".    Longitude  109'  50'  00.89 '.] 


To  Btation— 


Gilbert  Peak 

North  Burro 

Widdop 

PliilPico 

Trout  Creek  Peak 

Lena 

Marsh  Peak 


Azimuth. 

Back  azimuth. 

Log.  distance. 

o           /                // 

O           /                 i9 

Meters. 

98  19  51.90 

278  00  01.68 

4. 6349144 

106  21  49. 80 

286  08  29.01 

4. 4759281 

137  21  22. 82 

317  12  08.38 

4.4661622 

162  03  47. 16 

342  00  22. 18 

4.8762588 

259  02  24. 06 

79  07  19.08 

4. 0329170 

266  32  16.83 

86  48  42. 36 

4. 5495441 

355  47  86.34 

175  47  49. 36 

3. 8a50251 

MARSH  PEAK,  UINTA   COUNTY,  UTAH. 
[Latitude  40^  42  40.42  ".     Longitude  109'  49'  40.94 '.] 


To  statiou— 

Azimuth. 

Back  azimuth. 

Log.  distance. 

Gilbert  Peak . 

o           /                // 

106  18  00. 22 
164  57  38. 64 
175  47  49. 86 
191  16  48. 14 
230  15  37. 15 
232  26  46. 63 
256  18  37. 30 
330  16  33. 05 

O             /                   II 

285  57  57. 66 

344  58  55. 78 

355  47  36. 34 

11  21  89.70 

50  20  18.97 

52  47  20.28 

76  34  49.24 

150  21  86. 00 

Meters. 

4.6528586 

Phil  Pico 

4. 4774812 

Leidy  Peak 

3.8050251 

TwinButtes 

4.7243885 

Trout  Creek  Peak   

Richards  Butte : 

4.1194058 
4. 7448761 

Lena 

4.5554878 

Little  Mountain 

4.3440832 

TROUT  CREEK  PEAK,  UINTA   COUNTY,  UTAH. 
[Latitude  40^^  47'  13.03  .    Longitude  109 '  42'  29.19  ".] 


To  station- 

Azimuth. 

Back  azimuth. 

Log.  distance. 

Marsh  Peak ...... 

o             1                   II 

50  20  18. 97 

79  07  19. 08 

139  02  11.33 

358  21  41.82 

U             1                   II 

280  15  87. 15 
259  02  24.06 
818  53  50. 69 

• 

178  22  03. 68 

Me  tern. 
4.1194058 

Leidy  Peak ., 

4. 0329170 

Phil  Pico 

4.4858754 

Little  Mountain 

4. 4410184 
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TWIN  BUTTES,  SWEETWATER  COUNTY,  WYO. 
[Latitude  4V  10'  45.54".    Longitude  109'  42'  16.05".] 


To  station— 

Asimntb. 

Back  Rsimiith. 

Loff.  distance. 

Marsh  Peak 

O               1                  II 

11  21  39.70 

38  22  46.53 

298  20  57. 24 

330  38  27.97 

0              1                 II 

191  16  48. 14 
218  14  15.28 
118  36  44.26 
150  49  52. 43 

Meten. 
4.72438?5 

Phil  Pico 

4.4668992 

Richards  Butte 

4.5826879 

Lena 

4.6988883 

RICHARDS  BUTTE,  SWEETWATER  COUNTY,  WYO. 
[Latitude  4r  00'  54.25  '.    Longitude  109^  18'  15.37".] 


To  station- 

Azimuth 

Log.  distance. 

Lena - 

O                1                    II 

20  10  09.52 

52  47  20.28 

84  57  58. 50 

118  36  44.26 

0               1                 II 

200  on  49.86 
232  26  46.63 
264  33  43.03 
298  20  57.24 

Meten. 
4.4308414 

Marsh  Peak        ......     .    . 

4.7448761 

Phil  Pico 

4.7166557 

Twin  Buttes 

4.5826379 

LENA,  UINTA   COUNTY,  UTAH. 
[Latitude  40"  47  13.44".    Longitude  109°  24'  51.94 '.] 


To  station- 


Azimuth. 


Little  Mountain 41  08  57.10 

MarshPeak 76  34  49.24 

LeidyPeak 86  48  42.36 

PhUPico !  116  54  08.97 

Twin  Buttes ;  150  49  52.43 

Richards  Butte I  200  05  49.86 


Back  azimuth. 

Log.  distance. 

9               1                   II 

Meters, 

220  57  50. 04 

4.5636299 

256  18  37.30 

4.5554878 

266  32  16.83 

4.5495441 

295  34  16.38 

4.6754438 

330  88  27.97 

4.6983833 

20  10  09.52 

4.4808414 

LITTLE   MOUNTAIN,  UINTA   COUNTY,  UTAH. 
[Latitude  40^  32^  18.40^^    Longitude  109"  41'  55.6y^] 


To  station— 

Azimuth. 

Marsh  Peak 

0             1               II 

150  21  86.00 

Trout  Creek  Peak 

178  22  03. 68 

Lena.. 

220  57  50.04 

Back  azimuth. 


/' 


330  16  33.05 

358  21  41.82 

41  08  57. 10 


Log.  distance. 


Meten. 

4.8440882 
4. 4410184 
4.6636299 
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STRAWBERRY,  WASATCH  COUNTY',  UTAH. 
[Latitude  40"  02'  50.21".    Longitude  110"  59'  02.69 ".] 


To  station— 


Spanish  Fork  Peak . 
Currant  Creek  Peak 

Grey  Head 

Peak .. 

Indian  Head 


Azimuth. 


Back  asimath.     Log.  distance. 


// 


// 


95  46  24. 82  275  25  26. 49 
156  17  43.70  336  10  21.58 
290  42  49.22     110  53  25.10 


300  11  14.91 
339  ?X)  18. 91 


120  19  59. 04 
159  23  31.16 


Meter: 
4. 6678909 

4. 6040241 

4.3996083 

4.3501804 

4.3044758 


INDIAN  HEAD,  NEAR  THE  COUNTY  LINE  BETWEEN  UTAH  AND  WASATCH 

COUNTIES,  UTAH. 

[Latitude  39^  52'  38.52' .     Longitude  110"  54'  03.36 '.] 


To  station- 


Spanish  Fork  Peak 

•Strawberry 

Peak. 

Grey  Head 


Azimuth. 


/' 


113  50  13.17 
159  23  31.16 
238  13  36. 16 
238  39  17.42 


Back  azimuth. 


'/ 


293  26  04.72 

339  20  18. 91 

58  19  07. 32 

58  46  40.08 


Log.  distance. 


Meters. 
4. 7662870 

4.8044758 

4. 1587604 

4.2825707 


GREY   HEAD,  WASATCH   COUNTY,    UTAH. 
[Latitude  39^  58  01.24".    Longitude  110*^  42'  33.58 '.] 


To  station- 


Indian  Head 

Peak 

Spanish  Fork  Peak . 

Strawberry  

Currant  Creek  Peak 


Azimuth. 


Back  azimuth.  <  Log.  distance. 


// 


58  46  40. 08 

60  04  27.00 

101  10  20.60 

110  53  25.10 

139  13  38.95 


238  39  17. 42 
240  02  36.00 
280  38  47.23 
290  42  49. 22 
318  55  39. 11 


Meters. 
4.2825707 
3. 6772294 
4.8518116 
4.3996088 
4. 7815030 


PEAK  (secondary   POINT),  WASATCH  COUNTY,   UTAH. 
[Latitude  39''  56'  44.28 '.    Longitude  110"  45'  27.22 '.] 


To  station- 


Indian  Head  

Strawberry 

Currant  Creek  Peak 
QnyBmd 


Azimuth. 


II 


58  19  07.8 
120  19  59.0 
148  40  47.0 
240  02  86.0 


Back  azimuth.  .  Log.  distance. 


238  13  86. 1  I 

300  11  14.9  I 

323  24  40.0 

60  04  27.0 


Meters. 
4. 1587604 

4.3501804 

4. 7768501 

3.6772294 
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WYOMING,   SOUTHWEST  CORNER  STONE. 
[Latitude  40^  59  53.48".    Longitnde  111*'  02^  56.67".] 


To  station- 

Azimath. 

Back  azimuth. 

Log.  difltanoe. 

Porcupine 

O               /             II 

112  50  36 

e          /        // 

292  48  06 

Metert. 
8. 7688576 

PACIFIC^  SECTION  OF  TOPOGRAPHY. 

IDAHO. 
Triangulation  Stations. 

In  order  to  control  the  Coeur  d'Alene  mining  district  triangulation 
was  extended  eastward  from  Chilco  and  Skalan  in  June,  1900,  by  Mr. 
C.  F.  Urquhart,  topographer.     Five  new  stations  were  occupied. 

STEVENS,  SHOSHONE   COUNTY. 

On  line  between  Shoshone  County,  Idaho,  and  Missoula  County, 
Mont.,  on  a  well-known  mountain  about  5  miles  south  of  Mullan, 
Idaho.     There  is  a  good  trail  from  Mullan  to  the  station. 

Station  mark:  The  lone  signal  tree,  about  45  feet  south  of  highest 
point  of  mountain. 

Reference  mark:  A  copper  bolt  marked  **U.  S.  G.  S."  set  in  solid 
rock  45  feet  from  signal  tree.     Azimuth  from  signal  to  bolt  167°  45'. 

[Latitude  47'^  25'  29.39' .     Longitude  115''  46'  26.26 '.] 


To  station— 


Latour. 
Kellogg 
Chilco  - 
Rocky  . 
Murray 


Azimuth. 


// 


91  27  22. 97 
104  51  23.76 
132  37  45. 67 
143  44  46. 29 
170  37  01.65 


Back  azimuth. 


It 


271  01  20.48 
284  85  89.87 
312  04  10. 16 
323  30  47. 10 
350  34  28.86 


LofT.  distance. 


Metert, 
4.6481838 

4.4432141 

4.8864328 

4. 6028676 

4.4283365 


MURRAY,  SHOSHONE   COUNTY. 

(Not  occupied.) 

On  highest  point  of  mountain  3  miles  north  of  Murray  and  reached 
by  a  trail  from  that  town. 

Station  mark:  A  copper  bolt  set  in  solid  rock,  over  whioh  is  a  rock 
monument. 
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[Latitnde  47''  39'  3ft.l0 '.    Longitude  US'*  49'  53.86 ".] 


To  station— 


Kellogg 
Latonr. 
Rocky  . 
Chilco  . 


Azimuth. 


II 


49  43  18. 52 

58  01  20.20 

107  36  27. 05 

116  22  22.58 


Back  azimuth. 


II 


229  30  a5.72 
237  37  47. 52 
287  24  59.43 
295  51  16. 67 


Loff.  distance. 


MtUxB, 

4.4698979 

4.6748654 

4.3082328 

4.7665873 


ROCKY,  SHOSHONE  COUNTY. 

(Not  occupied.) 

The  highest  point  of  a  high,  rocky  mountain,  on  north  fork  of 
CJoenr  d'Alene  River. 
Station  mark:  Summit  of  peak. 

[Latitude  47^  42'  54.21".    Longitude  116"  05'  23.22".] 


To  station— 


Kellogg 
Latour. 
Skaian. 
Chilco. 
Murray 
Stevens 


Azimuth. 


II 


6  49  33.70 

33  25  24.87 

81  37  53.23 

120  48  15. 23 

287  24  59.43 

323  30  47. 10 


Back  azimnth. 


186  47  47.23 
213  13  17.95 
260  57  58.06 
300  28  37. 39 
107  36  27.05 
143  44  46. 29 


Log.  distance. 


Meterit. 
4. 4047870 

4. 5786841 

4.8349247 

4. 5849139 

4.8082328 

4.6028676 


KELLOGG,  SHOSHONE  COUNTY. 

A  well-known  mountain  about  3  miles  south  from  Wardner,  reached 
by  a  good  trail  from  that  town. 

Station  mark:  The  lone  fir  signal  tree  on  northeast  end  of  summit. 

Reference  mark:  A  coi)i>er  bolt  marked  "U.  S.  G.  S."  set  in  rock 
20.1  feet  from  signal  tree.     Azimuth  from  tree  to  bolt  is  89°  26'. 

[Latitude  47°  29'  17.77' .    Longitude  116^  07'  47.40".] 


To  station— 


Latour. 
Skaian. 
Chilco. 
Rocky. 
Murray 
Stoveos 


Azimuth. 


1/ 


71  00  10.77 
103  15  21.92 
146  13  00. 71 
186  47  47. 23 
229  30  05.72 
284  85  89.87 


Back  azimuth. 


II 


250  49  51.40 
282  37  17.47 
325  55  11.60 
6  49  83.70 
49  48  18. 52 
104  61  28.76 


Log.  distance. 

Meterg. 
4. 2702192 

4.8222362 

4. 7324708 

4. 4047870 

4.4698979 

4.4482141 
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LATOUR,    KOOTENAI   COUNTY. 

On  the  highest  peak  of  the  higli  mountHin  near  the  head  of  Latonr 
Creek,  about  3  miles  south  of  the  well-known  point  called  "Baldy." 
There  is  a  trail  up  Latour  Creek  to  mouth  of  Rocky  Creek,  thence  up  ridge 
on  north  side  of  Rocky  Creek,  around  the  head  of  same  to  station. 

Station  mark:  A  copper  bolt  marked  *'U.  S.  G,  S."  set  in  solid 
rock,  surmounted  by  a  rock  monument  7  feet  in  height. 

[Latitude  47'  26'  00.54".    Longitude  116^  21'  48.00 '.] 


To  Btation- 


Skalan . 
Chilco  . 
Rocky  . 
Murray 
Kellogg 
Stevens 


Azimath. 

Back  azimath. 

v»                         /                               // 

Liog.  distance. 

0                f                   /» 

Mrt'^8. 

114  11  17.60 

293  43  34. 19 

4.7128285 

166  07  57.68 

346  00  30. 41 

4. 7197069 

213  13  17.95 

33  25  24.87 

4. 5736341 

237  37  47. 52 

58  01  20.20 

4. 6748654 

250  49  51.40 

71  00  10.77 

4. 2702192 

271  01  20.43 

91  27  22.97 

4.6481338 

WASHINGTON. 

Triangulation  Stations. 

Triangulation  in  north-central  Washington  was  extended  wes^ 
wai*d  from  the  119th  meridian  to  the  120th  meridian,  controlling  fjur 
30-minute  quadrangles  and  connecting  the  work  based  upon  the  Spo- 
kane astronomic  station  and  base  with  that  based  upon  Ellensburg. 
Six  new  and  five  old  stations  were  occupied  during  the  season  of  1900 
by  Mr.  C.  F.  Urquhart,  topographer. 

KELLER,  FERRY  COUNTY. 

On  the  highest  point  on  range  of  mountains  about  7  miles  (airline) 
west  from  Keller  post-office.  To  reach  station  take  trail  from  Keller 
to  Nespalem,  and  at  7  miles  from  former  take  trail  running  north- 
west up  small  dry  creek,  thence  up  the  ridge. 

Station  mark :  A  fir  ti'ee  about  50  feet  high,  trimmed  up. 

Reference  mark:  A  copper  bolt  set  in  large  rock  (18  or  20  feet  high) 
33.6  feet  north  of  tree. 

[Latitude  48**  03'  39.93".    Longitude  118"  47'  48.89 ".] 


To  station- 

Azimnth. 

108  05  26.64 
138  42  51.92 
150  19  12.87 
208  13  28. 45 
281  30  34. 12 

Back  azimuth. 

Log.  distance. 

Salt  Lake 

o              /              «/ 

287  31  18. 60 
318  19  62.78 
330  07  19. 61 
28  26  41.81 
101  43  20.40 

Metert, 
4.7760002 

Omach 

4.'f  601769 

Moses 

4.5994835 

Paint  Rock 

4.6646604 

Whitestone 

4.88a0508 
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TONK,  OKANOGAN  COUNTY. 

On  the  highest  point  of  mountain  on  the  north  side  of  Tonk  Creek, 
a  small  stream  that  empties  into  the  Okanogan  River,  a  little  south 
from  Riverside  post-ofRce.  The  station  can  be  easily  reached  from  the 
south  side,  which  is  covei'od  with  bunch  grass  nearly  to  the  summit. 

Station  mark:  A  lone  fir  tree  18  feet  high  HlK>ut  20  feet  north  of 
highest  point. 

Reference  mark:  A  copper  l)olt  marked  "U.  S.  G.  S."  set  in  large 
rock  17.0  feet  S.  3"  K.  from  tree. 


[Latitude  48    H2  4:5.2:5  .     Lonj^tudo  119    14   15.36."] 


To  station  — 


Azimuth. 


Back  azimnth. 


/# 


Omach .      20  40  33.95  I  3()6  37  16.77 

Bonaparte ...    197  37  31.35       17  33  39.77 


Fir  ... 
Moses. 


338  59  51.86 
326  08  38.00 


59  13  34.89 
146  16  19.39 


Log.  distance. 


Meters. 

4. 0787940 
4.4663412 
4.4128488 
4.3666952 


OMACH,    OKANOGAN   COUNTY. 

On  the  highest  peak  on  ridge  between  Tonk  and  Omach  creeks,  at 
the  head  of  Siniilkin  Creek,  a  small  stream  flowing  into  the  Okanogan 
River  i)arallel  to  Omach  Creek.  The  peak  is  about  G  miles  east  of  the 
Okanogan  River  and  can  best  be  ascended  from  the  south  and  west 
sides.     All  timber  has  been  cut  from  the  summit  of  mountain. 

Station  mark:  A  cx)pi)er  lM>lt  marked  *'  U.  S.  G.  S."  set  in  solid  rock, 
above  which  a  rock  monument  was  erected. 


[Latitude  48    36'  56.31.     Longitude  119    18'  37.30  ".] 


To  atatiou— 


Azimuth. 


Salt  Lake 36  49  35.99 

Buck I  88  04  33.39 

Lemanasky !  144  50  59.09 

Bonaparte !  300  10  04.43 

Tonk 306  37  16.77 

Fir 328  50  53.45 

Moses i  295  04  43.11 

Keller 318  19  52.78 


fkurk  azimuth. 


liOg.  distance. 


//      I 


216  38  23. 64  ; 

267  41  20.68 

334  36  59.58 

30  18  39. 15 

36  40  33. 95 

49  07  41.36 

115  15  50.06 

138  43  51.93 


Meters. 
4. 4918667 

4.5811G73 

4. 6022378 

4.6001909 

4.0787940 

4. 5631331 

4.3066980 

4.7601759 
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SALT  LAKB,    OKANOGAN  COUNTY. 

On  a  low  timbered  hill  5  or  0  miles  east  from  Molett,  on  west  side  of 
Okanogan  River  and  13  miles  southeast  from  Alma  post-office  and 
ferry.  The  hill  is  the  highest  point  in  the  immediate  vicinity  and  has 
salt  lakes  on  every  side  of  it. 

Station  mark :  A  pine  tree  trimmed  up  for  signal. 

lieference  mark:  A  copper  bolt  marked  '*U.  S.  G.  S."  set  in  solid 
rock  21  feet  west/  from  tree. 

[Latitude  48"  13'  31.03  .    Longitude  119°  33'  38.62  ".] 


To  Htation— 

Azimuth. 

Back  azimuth. 

o                 1                        II 

320  00  28.29 
36  49  35.99 
66  26  36.30 

108  05  26. 64 

Log.  distance. 

Buck 

o                >                   // 

140  12  24. 31 
216  38  22. 64 
246  04  17. 57 
287  31  18.60 

Metert. 
4.4854816 

Omach..    .. 

Moees 

4. 4918667 
4.6060805 

Keller 

4.T760002 

LEMANASKY,  OKANOGAN  COUNTY. 

On  the  highest  point  on  ridge  between  the  Okanogan  River  and 
Sinlohegan  Creek,  about  17  miles  from  Conconully  and  8  miles  south 
from  Loom  is.  Tlie  road  from  Conconully  to  Lemanasky  Lake  goes 
within  2  miles  of  mountain.  All  timber  has  been  cut  from  summit 
except  on  north  side. 

Station  mark:  A  bronze  tablet  cemented  in  solid  rock,  above  which 
wa.s  erected  a  rock  cairn  7  feet  high. 

[Latitude  48   44  34.06  '.     Longitude  1 19^  37'  24.94".] 


To  station- 


Buck     

Tiffany 

Chapaca  (2) 
Bonaparte . . 

Fir 

Moses 

Omach 


Azimuth. 


23  39  30.89 
70  24  16.66 
156  58  50.42 
262  31  57.97 
279  28  30. 68 
314  42  29.04 
324  36  59. 53 


Back  azimuth. 

O  I  II 

203  30  26.39 
250  10  17.61 
336  53  14.31 
82  54  31.81 
99  59  28.98 
135  07  42.81 
144  50  59.09 


Log.  distance. 


MeterB. 
4. 5703951 

4. 3847799 

4.3661596 

4.5689617 

4. 7102014 

4.7669900 

4.6022378 


(.'HAPAC^A    (2),    OKANOGAN    COUNTY. 

(Not  occupied.) 

A  sharp  rocky  peak  8  or  10  miles  a  little  north  of  west  from  Loomis; 
the  flat  ridge  about  2  miles  west  is  higher. 
Station  mark:  Summit  of  peak. 
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[Latitade  48'  56'  06.12 ".    Longitnde  119'  44'  51.38'.] 


To  station— 


Lemanasky 
Tiflfany 


Azimath. 


Back  azimuth. 


I 


II 


336  53  14.31 
24  54  10.88 


II 


Loff.  distance. 


156  58  50.42 
204  45  46.51  ! 


Meiera. 
4.3661506 
4. 5128341 


BUCK,  OKANOGAN  COUNTY. 

A  round,  timbered  mountain,  locally  known  as  Buck  Mountain,  on 
the  divide  between  Okanogan  and  Methow  rivers.  It  is  the  most 
southeastern  high  i)oint  on  ridge  and  is  at  the  head  of  Johnson  and 
Sweat  creeks.  The  road  between  Twisp  and  ConconuUy  passes  about 
4  miles  south  from  station  at  the  point  where  it  crosses  Sweat  Creek, 
17  miles  from  Twisp.  From  this  i>oint  horses  can  be  ridden  to  station. 
It  is  difficult  to  reach  from  north  and  west  sides. 

Station  mark :  The  lone  pine  signal  tree,  20  feet  high. 

Reference  mark:  An  aluminum  l)olt,  marked  **IT.  S.  G.  S.,"  set  in 
rock.     Azimuth  from  tree  134°  09',  distance  5.9  feet. 

[Latitude  48°  26'  10.72".    Longitnde  119"  49'  30.94  ".] 


To  station— 


Lookout . . . 
Tiflfany  .... 
Lemanasky 
Bonaparte  . 

Fir 

Omacb 

Moses 

Salt  Lake  .. 


Azimuth. 


Back  azimuth. 


63  07 
162  50 
203  30 
232  53 
248  30 
267  41 
276  59 
320  00 


29.09 
58.70 
26.39 
29.34 
00.29 
20.68 
28.07 
28.29 


242  51 
342  46 
23  39 
53  25 
69  09 
88  04 
97  33 
140  12 


10.72 
05.81 
30.89 
04.68 
58.40 
23.29 
41.19 
24.31 


Loff.  distance. 


Meiers. 
4. 4804841 

4.4331645 

4. 5703951 

4. 8106748 

4.8473807 

4.5811673 

4. 7552967 

4.4854816 


TIFFANY,  OKANOGAN   COUNTY. 

A  round,  bare,  double-toppi^d  niount^iin,  lying  in  the  main  range 
between  the  Okanogan  and  Methow  rivers  at  the  head  of  Boulder 
Creek,  which  is  the  firet  tributary  of  any  size  of  the  Chewach  River 
above  Winthrop.  The  station  is  on  the  higher  and  more  southerly 
summit  of  mountain. 

Station  mark :  A  hole  drilled  0  inches  deep  in  solid  rock  on  highest 
point,  over  which  was  erected  a  rock  cairn  8  feet  high. 
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[Latitude  48"  40'  09.28".    Longitude  lir  56'  01.09'.] 


To  station- 


Lookout  - . . 
Chapaca  (2) 
Lemanaeky 

Moses 

Buck 


Axixnath. 


// 


25  82  01. 12 
204  45  46.51 
250  10  17.61 
296  58  56.82 
842  46  05.81 


Back  aslmoth. 


205  20  38.50 

24  54  10.88 

70  24  16. 66 

117  88  05.90 

162  50  58.70 


Log.  distance. 


Meten. 
4.6428317 
4. 5128241 
4.3847799 
4. 8595761 
4.4381645 


LOOKOUT,  OKANOGAN   COUNTY. 

A  round- topped,  bunch-grass  hill,  partly  timbered  on  northwest 
slope,  lying  on  west  side  of  Methow  River  between  Twisp  and  Lydle 
creeks,  about  10  miles,  by  trail,  from  Twisp  post-office. 

Station  mark:  An  aluminum  bolt,  stamped  **  U.  S.  G.  S.,"  set  in  drill 
hole  in  solid  rock,  surmounted  by  a  small  rock  monument. 

[Latitude  48'  18'  46.18".    Longitude  120*^  11'  19.79".] 


To  station— 


Tiffany 
Buck  .. 


Azimuth. 


II 


205  20  83.59 
242  51  10. 72 


Back  azimnth. 


Log.  distance. 


/r 


25  82  01. 12 
68  07  29.09 


3ieter$, 
4.6423317 

4.4804841 


CENTRAL  CALIFORNIA   (SIERRA  FOREST  RESERVE). 

Triangulation  Stations. 

Three  30-minute  quadrangles  in  the  high  Sierras  were  controlled 
during  the  summer  of  1900  by  Mr.  E.  T.  Perkins,  jr.,  topographer, 
who  extended  triangulation  southward  from  Mounts  Conness,  Lyell, 
Hoffman,  and  Devil.  In  addition  to  reoceupying  these,  10  new 
stations  were  occupied  and  numerous  prominent  peaks  located  by 
intersection. 

Positions  published' herewith  are  based  upon  the  1901  United  States 
standaixl  datum  of  the  Coast  and  Geodetic  Survey. 

CONNESS,  MONO   COUNTY. 

A  primary  station  of  the  Coast  and  Geodetic  Survey  10  miles  north 
of  Soda  Springs.  In  shape,  an  irregular  parallelogram  of  granite, 
from  northwest  portion  of  which  rises  the  top  of  peak  with  precipitous 
side  of  1,000  feet  or  more.     It  can  be  ascended  from  Soda  Springs  in 
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four  hours  by  a  trail  built  by  th(»  ('oast  and  (Teodetic  Survey .     Grass 
and  water  can  b<»  found  williin  1  mile  of  summit. 

Station  mark:  ConereU*  pier  with  live-eigliths-inch  copi)er  bolt  in 
cent-er. 

[Latitude  37    58  02.59  .     Longitude  119    19'  14.2:J '.] 


To  station—  Azimuth. 

I 

f       // 

Red 12  86  41.02 

ClarkaPeak 17  29  05.74 

Devil - 37  22  32.54 

Hoffman 51  21  09.23 

Ck)tton wood  Peak .  8:^06  44.80 

Dana .  310  1157.93 

Lyell- 350  09  07.63 


Back  azimuth.   .  Lo^.  distance. 


192  33  26.59 
197  25  09.01 
217  07  08.88 
231  14  10.79 
262  51  29.07 
130  15  39.67 
170  10  57.54 


Meters. 

4. 5515767 
4.4979644 
4. 7855483 
4.3288340 
4.5639041 
4. 0621370 
4. 4088947 


DANA,  TroLUMNK    COUNTY. 

A  large,  bare,  somewhat  irregular  peak,  with  eone-siiaped  top,  eov- 
erecl  with  broken  sandstone  and  granite. 

Station  nuirk:  Stone  monument  about  0  feet  high. 

[Latitude  37'  54  00.S8  .     Longitude  119    13'  13.53 '.] 


To  station  - 


Azimuth. 


Back  a^.iinnth.   '  liOf?.  distance 


Lyell '  14  01  13.38 

ClarksPeak '  39  02  46.85 

Hoffman 77  04  59.75 

Conness ■  130  15  39.67 


193  59  22.02 
218  55  09.22 
256  54  20. 18 
310  11  57.93 


Meters. 
4. 2637680 

4.4630003 

4.4171931 

4. 0621370 


HOFFMAN,    TUOLUMXK   COUNTY. 

Al>out  1'  miles  west  of  Lake  Tenaya  and  iiO  miles  from  Sequoia,  on 
the  west  of  Tioga  road.  The  mountain  luus  three  sharp  ridges  of 
granite  and  the  point  occupied  is  tlio  highest  and  farthest  west.  On 
this  ^idgo  is  Chimney  Roek,  a  eylinder  of  granite  rising  from  main 
ledge  to  height  of  00  feet,  and  it<  is  north  of  this  that  station  occupied 
is  situated. 

Station  mark:  A  (?ross  cut  in  rock,  over  which  was  erected  a  monu- 
ment 5  feet  high. 

Bull.  181—01 14 
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[Latitude  37   50  50.13  .    Longitude  119^  30  35.94".] 


To  station— 


Devil 

Pilot 

Cottonwootl 

Conness 

Dana 

Lyell 

Clarks  Peak 
Bed 


Azimutb. 


/' 


29  59  03. 70 
76  06  02.86 
114  13  51.81 
231  14  10.79 
256  54  20.18 
299  28  12. 89 

336  34  41.61 

337  23  09.91 


Back  azimath. 


n 


209  50  37.68 
255  50  24.41 
294  05  35.56 
51  21  09.23 
77  04  59. 75 
119  37  00.01 

156  37  42. 36 

157  26  52.71 


Loff.  distance. 


Meteti. 
4.6092431 

4.5866541 

4.3353253 

4.3288340 

4.4171931 

4.3836744 

4.2597926 

4.2654986 


DEVIL,    MARIPOSA    C^OUNTY. 

At  the  southeast,  eiiil  of  short,  sharp  ridge,  \)  miles  southwest  of 
Wawoiia  Park,  bare  on  top  and  covered  with  loose  roc»k.  Ascended 
by  wagon  road  from  Wawoiia.  Nearest  camping  place  is  IJ^  miles 
northeast  of  summit. 

Station  mark:  A  cairn  of  sU>nes,  4  feet  base,  4^  feet  high,  on  site  of 
ol<l  monument,  5.G  feet  west  of  *'U.  S.  G.  S."  chiseled  on  rock. 

[Latitude  37'  31'  46.80 '.     Longitude  llO**  44'  23.06".] 


To  station 


Pilot. 

Cottonwood 
Ho£fman . . . 

Conness 

Clarks  Peak 

Red 

Kaiser 

Big  Shoteye 


Back  azimuth. 


n 


Log.  distance. 


146  23 
180  37 
209  50 
217  07 
235  55 
244  85 
297  47 
305  41 


49.18 
19.76 
37.68 
08.88 
55.04 
09.78 
02.53 
47.10 


326  16 
00  37 
29  59 
37  22 
56  07 
64  47 
118  07 
125  53 


39.63 
31.81 
03.70 
32.54 
20.30 
16.70 
16.04 
10.71 


Meter*. 
4.4928478 

4.6445464 

4. 6092431 

4.7855484 

4.5212361 

4. 5097490 

4. 7451616 

4. 5326137 


LYELL,  MONO  COUNTY. 

Situated  14  miles  southeast  of  Soda  Springs,  at  end  of  Tuolomne 
Meadows.  In  shape  very  irregular.  The  south  side  is  a  nearly  per- 
pendicular wall,  the  north  a  seiies  of  meadows  until  the  glacier  is 
reached;  the  east  and  west  sides  are  rather  steep.  The  highest  point 
is  a  short,  shai'p  ridge,  about  200  yards  long,  running  northwest  and 
southeast,  the  northwest  end  being  lower.  Ascended  from  head  of 
Lyell  Fork  and  northeast  side  of  peak. 

Station  mark:  Small  stone  monument;  **U.  S.  G.  S. "  chiseled  on 
rock  east  of  it. 
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[Latitude  37   44'  23.23  '.     Longritude  119    16'  15. 15".  J 


To  station— 


Big  Shnteye 

Red 

Clark8  Peak 
Hoffman . . . 

Conness 

Dana 

Silver 

Kaiser  . 


Azimuth. 

Back  azimuth. 

I.«og.  diHtance. 

O                 (                 II 

O                 1                 II 

Metent. 

17  46  48.27 

197  41  04.96 

4. 6571504 

52  03  35. 82 

231  58  32.37 

4.1882294 

71  03  13.41 

250  57  27.71 

4.1654618 

119  37  00.01 

299  28  12. 89 

4. 3836744 

170  10  57. 54 

350  09  07.  m 

4. 4088947 

193  59  22.02 

14  01  13.38 

4. 2637680 

323  29  17. 71 

143  38  27. 25 

4. 5704983 

351  13  21.55 

1 

171  16  30.07 

4. 6987072 

RED,  MADERA   COUNTY. 

Ascended  from  cami)  at  large  meadows  south  of  Merced  Peak,  on 
trail  from  Wawona  to  Soda  Springs  (or  **77"  corral),  five  hours  by 
trail.  Could  camp  much  nearer  at  liead  of  Illilouette  River  and  climb 
the  mountain  in  three  hours.  Apx)roached  mountain  from  west, 
apparentl}'^  the  best  way.     Can  take  mules  to  within  2,000  feet  of  top. 

Station  mark:  A  bronze  triangulation  tablet  set  between  two  large 
rocks,  over  which  is  erected  a  cairn  of  rocks  5  fe4.»t  at  base,  7  feet  high. 

[Latitude  37    39  15.31.       Longitude  119   24' 31.41'.] 


To  station— 


Azimuth. 


BigShnteye 2  48  05.05 

Devil 64  47  16.70 

Hoffman 157  26  52.71 

Connem 192  33  26.59 

Lyell 231  58  32.37 


SUver. 
Kaiser 


300  40  31.80 
333  32  06.  49 


,   Back  azimuth. 

I 

V  I  It 

183  47  24. 19 
244  35  09.78 
337  23  09. 91 
12  36  41.02 
52  03  a5.82 
120  54  43. 33 
153  40  16. 75  ! 


Ijogr.  distance. 


Meters. 
4.5289143 
4. 5097490 
4. 3654986 
4. 5515767 
4. 1882294 
4. 6010921 
4. 6487389 


BIG   SHUTEYE,  MADERA    COUNTY. 

On  the  l>are  granite  summit  of  Big  81iutey<^  Peak  (Chiquito  Peak), 
the  highest  point  on  Chiquito  Range,  at  southeast  end  of  the  ridge. 
Follow  trail  from  Jackass  Meadows  to  where  it  crosses  ridge,  then 
turn  to  sou  til. 

Station  mark:  A  bronze  triangulation  tablet  cemented  in  solid 
granite,  above  which  is  expected  a  cairn  of  rocks  4  feet  ba^e  and  4  feet 
high. 


212       PRIMARY  TRIANGULATION  AND  PRIMARY  TRAVERSE,    [bull.  181. 


[Latitude  37"  21  00.26  .    Longitude  119'  25'  88.58".] 


To  Htation  — 


Azimuth. 


Back  azimnth. 


Lost,  distance. 


// 


Devil I  125  53  10.71 

Red i  182  47  24.19 

Lyell  .  '  197  41  04.96 

Silver -..     249  33  51.80 

Hilgard 268  29  47. 16 

Kaiser '  285  51  29.47  i  106  00  18.72 

ThreeSisters 305  14  15.24     125  27  35.30 


3a5  41  47. 10 

2  48  05.05 

17  46  48.27 

69  48  41. 16 

88  51  40.06 


Meters. 
4.5325137 

4.5289143 

4. 6571504 

4.5842369 

4. 72647^ 

4.3493243 

4.6014723 


SILVER,  FRESNO   COUNTY. 

Oil  tlie  liighest  peak  between  Fish  Creek  and  Mono  Creek,  at  head 
of  Silver  Creek.  Summit  is  flat,  runninji:  north-northeast  and  south- 
southwest.  Highest  point  is  at  southwest  end.  Can  eanip  at  mead- 
ows below  Margaret  Lakes;  thence  it  is  three  and  one-half  hours'  travel 
to  station.  Can  take  mules  within  700  feet  of  summit  on  east.  *  There 
is  grass  and  water  for  one  night  within  1,200  feet  of  summit. 

Station  mark:  A  bronze  triangulation  tablet  set  in  solid  rock,  on 
which  was  erected  a  cairn  of  rocks  5  feet  base  and  5  feet  high. 

[Latitude  37^  28'  12.56".     Longitude  119    01'  14.54".! 


To  station— 


Three  Sisters 

Kaiser 

Big  Shuteye. 
Red 

Lyell 

Hilgard 


Azimuth. 

J       I         It 

5  29  45.00 

36  48  49.60 

69  48  41.16 

120  54  43.33 

143  38  27. 25 

305  02  47.29 


Back  azimuth.  '  Loe.  distance 

I 


u 


185  28  18.92 
216  42  50.78 
249  33  51.80 
300  40  31.80 
323  29  17. 71 
125  09  52. 52 


Meters. 

4. 5635462 
4. 3855104 
4. 5842S69 
4.6010921 
4. 570498:3 
4. 3230108 


KAISER,  FRESNO   COUNTY. 

On  a  bald  peak  at  the  head  of  Kaiser  and  Pittman  creeks.  It  is 
easily  ascended  from  south  side.  There  are  numerous  lakes  and 
small  meadows  in  the  neighlx)rliood. 

Station  mark:  A  bronze  triangulation  tablet  set  in  loose  earth,  there 
being  no  solid  rock,  above  which  was  erected  a  cairn  of  rocks  5  feet 
base  and  5  feet  high. 
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[Latitude  37   17'  41.24".    Longitude  119"  11'  05.57 ".] 


To  station— 


BigShuteye 

Red 

Lyell 

Silver 

Hilgard 

Goddard 

Three  Sisters 


Azimntb. 

r,  I  n 

106  00  18. 72 
153  40  16.75 
171  16  30.07 
216  42  50.78 
256  50  47.29 
237  01  21.12 
326  51  09.06 


Back  azimath.     Log.  distance 


// 


2a5  51  29.47 
333  32  06. 49 
351  13  21.55 
36  48  49.60 
77  03  50.04 
117  18  14.22 
146  55  40.62 


Meters. 
4. 3493248 

4.6487889 

4. 6987072 

4. 3855104 

4. 5135451 

4. 6669912 

4. 3067670 


HIL(JARD,  FRESNO   COUNTY. 

Ascondod  peak  from  (»aiiip  on  Bear  Creek;  five  and  one-half  honrs' 
travel,  ('ould  camp  an  hour  closer  by  going  U)  summit  of  ridge 
between  Jk»ar  Creek  and  Mono  Creek.  ITiis  mountain  is  best 
approached  along  the  ridge  In^tween  Bear  and  Mono  creeks,  finally 
dropping  down  into  northeast  fork  of  Bear  Creek  and  climbing  peak 
from  east.  On  summit  of  this  peak  are  three  small  high  points  of 
rock.     Tlie  point  occui)i(Hl  is  tlie  one  to  north,  or  center  one. 

Station  mark :  A  large  flat  rcwk,  on  which  is  set  a  bronze  triangu- 
lation  tablet  surmounted  l)v  a  cairn  of  rocks  :J  feet  l>ase  and  3  feet 
high. 

[Latitude  37"  21'  40.11".     Longitude  118"  49'  34.65".] 


To  station— 

Azimuth. 

Three  Sisters  

o             /                  // 

40  31  08.67 

Kaiser 

77  03  50.04 

BigShuteye 

Silver 

88  51  40.06 
125  09  52.52 

Gkxltlard... 

341  35  56.51 

Bark  szimnth. 

LoK-  distance. 

0                1                    II 

Meiert. 

220  22  39. 06 

4. 5049242 

256  50  47. 29 

4. 5135451 

268  29  47. 16 

4.7264787 

305  02  47. 29 

4.3230106 

161  39  49.34 

4. 4786204 

THREE   SISTERS,    FRESNO   COUNTY. 

On  the  south  end  of  summit  of  the  Thn^e  Sist<»rs.  Can  l)e  reached 
by  trail  l)et  ween  Shaver  and  Hlaney  Meadow  {ov  Hot  Springs).  Leave 
trail  at  large  meadow  Ix^tween  Red  iMountain  and  Potato  Hill,  trav- 
eling southeast.  At  foot  of  mountain  on  northeast  side  is  a  small 
meadow  with  running  water.  Animals  can  1m*  taken  nearly  to  sum- 
mit from  south  to  southeast. 

Station  mark:  A  1)ronz<»  triangulation  tablet  set  in  loose  roc^k,  with 
a  cairn  of  rcM^ks  built  over  it  3  feet  at  base  and  3  feet  high. 
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[Latitude  37'  08'  30.59 '.    Longitude  119"  03'  36.59 ".] 


To  station— 


Big  Shnteye 

Kaiser 

Silver 

Hilgard 

Goddard . . . 
Silliman  . . 
BigBaldy.. 


Azimuth. 


/» 


135  37 
146  55 
ia5  38 
330  33 
377  50 
839  28 
343  58 


85.80 
40.63 
18.93 
39.06 
59. 53 
41.38 
88.44 


Back  azimath. 

Loff.  distance. 

«      /         /' 

Meiers. 

305  14  15.34 

4.6014738 

336  61  09.06 

4. 3067670 

5  39  45.00 

4.6685462 

40  81  08.67 

4.6049342 

98  03  19.88 

4.4854357 

149  41  47.00 

4.8063708 

168  05  08.76 

4. 7358315 

(JODDARD,    FRESNO   COUNTY. 

Ascended  i>eak  l)y  rid^e  running  from  the  southwest  up  from  camp 
on  south  fork  of  San  Joaquin,  at  pastui-e  H  hhI^^h  above  the  camp  of 
the  Mount  Go<ldard  Copper  Mining  Company.  Can  take  animals 
within  1,500  feet  of  summit.  Tlie  south  end  of  the  mountain  was 
occupied,  although  the  north  end  is  slightl}'  higher.  The  south  end 
seems  to  l>e  the  I'ecognized  summit  and  is  much  easier  of  access. 

Station  mark:  A  bronze  triangulntion  tablet  set  in  loose  shale 
rock,  over  which  is  erected  a  cairn  of  rocks  4  feet  bas<»  and  4  feet  high. 

[Latitude  37   0<>'  13.35".     Longitude  118''  43'  09.83  ".] 


To  station- 

Azimntb. 

O                /                          II 

16  54  10.44 

98  03  19.88 

117  18  14.33 

161  39  49. 34 

357  43  48.51 

Ba(*k  asimnth. 

Log.  distance. 

Big  Baldy 

196  48  19.33 
377  50  59. 53 
397  01  31.13 
341  35  56. 61 
177  43  37.67 

1 

Meters. 

4. 6987440 

Three  Sisters 

4.4854357 

Kaiser 

Hilgard 

4.6669913 
4.4786304 

Silliman 

4. 7076974 

SILLIMAN,  TITLARK    COUNTY. 

Iligliest  point  in  group  on  west  end  of  ridge.  Best  I'eached  from 
camp  at  AVet  IVfeadows;  cross  low  divide  eiist,  follow  up  creek  to  first 
lake,  then  climb  on  south  side  of  ridge,  (-an  take  mules  to  top  of 
first  p(»int ;  then  one*  and  one-half  hours'  climl)  to  summit.  Good  camp 
at  Wet  Meadows,  from  which  it  is  four  hours'  climb  to  summit. 

Slalicin  mark :  A  l)i*onze  triangulation  tablet  set  in  solid  lock,  over 
whidi  is  a  cairn  of  rocks  (i  feet  base  and  6  feet  high. 
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[Latitude  36"  38'  39.71' .    Longitude  118'  41'  47.89 ".] 


To  station — 


BigBaldy.... 
Three  Sisters. 
Goddard 


Azimuth. 


n 


100  48  39. 50 
149  41  47.00 
177  43  37.67 


Back  azimath. 


II  ■ 


Log.  distance. 


280  42  01.26 
329  28  41.38 
357  42  48. 51 


MettTM. 
4. 2269529 

4.8062703 

4. 7076974 


SPANISH,  FRESNO  COUNTY. 

Spanish  Mountain  can  l)o  easily  ascended  either  from  Statum  or 
Collins  Meadows  by  riding  about  two  hours. 

Station  mark:  A  bronze  triangulation  tablet  set  in  top  of  granite 
rock,  over  which  is  erected  a  cairn  of  rocks  3  feet  base  and  3  feet  high. 

[Latitude  36"  54'  35.21 '.     Longitude  118'  53'  27.21 '.] 


To  station- 

Azimntb. 

Three  Sisters. 

O                 1                   II 

149  43  36.33 

Ooddard 

215  17  45.76 

Back  azimntb. 


// 


329  37  29. 39 
35  23  57. 36 


Log.  distance. 

Metert. 
4. 4747072 

4. 4213575 


BIG  BALDY,  TULARE  COUNTY. 

Ascended  from  camp  at  Woodanl's  cabin  by  trail.  Time  of  ascen- 
sion one  hour.  Toj)  of  mountain  is  a  bare  ridge  alM)ut  200  yards  long. 
Tops  of  trees  growing  on  tlie  side  of  hill  interfere  somewhat  with  view. 
South  end  of  hill  occupied. 

Station  mark:  A  bronze  triangulation  tablet  set  in  solid  rock,  and  a 
rock  cairn  erected  over  it  7  feet  base  and  10  feet  high.  A  tree  about 
15  f(H*t  high  placed  in  monument. 

[Latitude  ;36'  40'  21.81".     Longitude  118   52'  54.94  .] 


To  station- 


Three  Sisters , 
Goddard 


Azimntb. 


163  05  a3. 75 
196  48  19.23 


Bark  azimntb. 


// 


SUliman 280  43  01.26 


342  58  38.44 

16  54  10.44 

100  48  39.50 


Log.  distance. 


Meters. 
4.7358216 

4. 6987440 

4. 2269529 


SOUTHERN  CALIFORNIA. 


Triangulation  Stations. 


Triangulation  in  southern  California  was  extended  northward  and 
westward  from  Santa  Clara  and  San  Fernando  stations  of  the  United 
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States  Coast  and  (Teo<l<»tir  Siirv<»y  and  connected  with  two  other  sta- 
tions of  tlic  same  orpiiiiziit  ion — (TavioUi  an<l  Tepustiuet — all  based  on 
Yolo  base  data.  Nine  new  priniar}'  stations  were  occiipietl  and  7 
secondary  points  loeated  by  intei'sc^etions,  controlling  three  30-minut« 
qnadrangles  l)etween  latitudes  34"  30'  and  35"  (K)'  and  longitudes 
IIS'^  30' and  120"  00'. 

Tlie  field  W(n*k  was  done  by  Mr.  C  V.  ITrquhart,  toiK)grapher,  dur- 
ing iK)rtions  of  May,  June,  NovenilM»r,  and  r)eceinl)er,  1?KX). 

l.IEBRK,    LOS   ANGELES   COUNTY. 

On  the  highest  point  of  a  high,  round  mountain,  sometimes  known 
as  Sawmill  Mountain,  near  the  east  end  of  the  Liebre  Range.  The 
mountain  is  covered  with  brush  about  5  feet  high.  The  new  road  from 
Elizabeth  Lake  to  Gorman  station  passes  about  4  miles  north  from 
the  station  at  a  point  9  miles  from  formei*.  A  trail  leaves  the  road 
about  1  mile  west  from  Joe  Kirby\s  shack  and  goes  south  to  summit 
of  an  open  ridge,  fix>m  which  signal  can  be  seen. 

Station  mark :  An  oak  tree  wired  up  and  used  as  signal. 

Reference  mark:  A  copiKM-  bolt  marked  '*U.  S.  G.  S."  set  in  solid 

rock.     Azimuth  from  reference  mark  to  signal  tree  Vd""  42';  distance 

G  feet. 

[Latitude  34   40  53.35 ".    Longitude  118^  34'  38.63  '.] 


To  Btatiou— 


San  Fernando 

Hines 

Frazier . 

Alamo 


Azimuth . 


// 


3  13  38.57 

67  27  48.01 

105  59  53.39 

72  59  13.47 


Bacrk  azimath. 

18J^  12  49.60 
247  10  48. 77 
2a5  46  28. 84 
252  49  16.46 


Log.  diHtanoe. 


Meters. 
4.5988706 

4. 6952879 

4. 5723919 

4.4457065 


SAN   FERNANDO,    LOS  ANGKLES   COUNTY. 

A  station  of  the  United  8tat^»s  (\)ast  and  Geodetic  Survey,  on  the 
highest  or  western  crest  of  San  Fernando  Mountain,  about  5  miles 
from  the  long  tunnel  of  the  Southern  Pacific  Railroad. 

Station  mark:  A  terra-cotta  pii)e  24  by  4  inches  filled  with  concrete 
an<l  set  in  a  triangh*  of  concrete. 

[Latitude  34    19'  41.47  .     Longitude  118^  36  05.08".] 


To  station- 


Azimuth. 


Back  azimath. 


// 


Santa  Clara I  89  28  35.36  269  13  45.80 

Hines i  114  50  26.99  294  34  21.17 

Frazier 145  43  47.71  325  31  15.76 

Liebre 183  12  49.60  i  3  13  38.57 


hog.  distance. 


Meters. 
4.6056840 

4. 6815188 

4.7772296 

4.6988706 
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ALAMO,  LOS  ANGELES  COUNTY. 

(Not  occupied.) 

A  high,  rocky  mountain  near  the  eastern  end  of  the  Alamo  Range, 
sometimes  known  as  Bowlder  Peak.  It  can  be  reaclietl  by  trail  from 
the  Alamo  ranch  around  by  Mr.  J^ailey's  ranch,  which  is  about  0  miles 
south  from  the  roa<l  between  Elizabeth  Lake  and  Gorman  station,  at 
a  point  5  miles  from  the  latter. 

Station  mark:  A  small  tree  on  highest  point  of  the  mountain. 

[Latitude  34"  36'  27.04".    Longitude  118'  52  05.02".] 


To  Btation— 


Santa  Clara  . . 

Frazier 

Liebre  _ 

San  Fernando 


Azimuth. 

Back  azimnth. 

Log.  distance. 

o            /                   // 

O             1                     // 

Meters. 

26  38  24. 17 

206  32  35. 20 

4. 5460392 

153  10  34.07 

333  13  12.39 

4.3146687 

252  49  16.46 

72  50  13.47 

4. 4457065 

321  33  54. 87 

141  42  58.66 

4. 5967546 

FRAZIER,  VENTURA  COUNTY. 

On  the  highest  point  of  a  mountain  locally  known  as  Frazier  Moun- 
tain, in  the  northeastern  corner  of  Ventura  County,  alK)ut  "2  miles 
from  the  Los  Angeles  County  line.  The  wagon  road  from  Cronnan 
station  to  Bakersfield  passes  about  4  miles  f  I'om  the  station,  at  a  point 
4  miles  from  the  former.  Tliere  is  a  good  trail  from  Gorman  station 
to  Frazier  mine,  which  is  near  the  triangulation  station.  Another 
trail  fi*om  Cuddy's  ranch  to  Frazier  mine  passes  100  yards  north  from 
station. 

Station  mark:  A  lone  pine  tree  100  feet  north  from  the  summit  of 
the  mountain. 

[Latitude  34^^  46  25.21.    Longitude  118^  58  10.93 '.] 


To  station- 


Azimuth. 


Back  azimntb.     Log.  rlLstanro 

i 


ff 


Hinea 18  24  44.23 

Reyes I    60  50  55.17 

Pine 103  13  38.72 

Liebre 285  46  28.84 

San  Fernando. 325  31  15.76 


Alamo 


a33  13  12.39 


198  21  06.61 
240  40  15. 20 
283  06  51.20 
105  59  53.39 
145  43  47.71 
153  16  34.07 


ytetera. 
4.4902268 
4. 5157054 
4.  27060:M 
4. 5723919 
4. 7772296 
4. 3146687 


SANTA  CLARA,  VENTURA  COUNTY. 

A  station  of  the  United  States  Coast  and  Geodetic  Survey,  on  the 
highest  part  of  tlie  mountain  on  the  south  side  of  Santa  Clara  River, 
aboQt  2  miles  in  an  air  line  from  tlie  town  of  Santa  Paula. 
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Station  mark :  A  terra-cot t«  pipe  24  by  4  inches  filled  with  concrete 
and  set  in  a  triangle  of  concrete. 

[Latitude  34^  19'  26.69  .    Lougitnde  119"  02'  22.57".] 


To  station— 


Azimuth. 


Back  azimuth.     Lo^r.  distance. 


Hines 


n 


170  44  32. 36 


San  Fernando I  269  13  45.80 


// 


350  43  18. 21 
89  28  35. 36 


4.3181190 
4.6056340 


HINES,  VENTURA  ^OUNTY. 

On  the  highest  point  of  a  mountain  locally  known  as  Hines  Peak, 
near  the  source  of  Santa  Paula  Creek  and  on  the  divide  between 
Santa  Paula  and  Sespe  creeks.  The  point  is  rather  difficult  to  reach, 
though  there  is  a  trail  up  Santa  Paula  Creek  to  foot  of  mountain.  It 
may  be  reached  from  the  Hot  Springs  on  Sespe  ("reek.  The  summit 
is  cleared  of  brush. 

Station  mark:  A  bunch  of  brush  about  7  feet  high  wired  together 
and  used  as  a  signal. 

Reference  mark:  A  copper  bolt  marked  ^*  a  ^'  set  in  solid  rock 
8.33  feet  southwest  from  signal  and  station  mark. 

[Latitude  34°  30'  33.01 '.    Longitude  llO''  04'  33.77 '.] 


To  station— 

Azimuth. 

O                 9                    ft 

125  15  00.85 
165  55  35.48 
198  21  06.61 
247  10  48.77 
294  34  21.17 
350  43  18.21 

Back  azimuth. 

Log.  distance. 

Reyes 

305  08  00.24 
345  52  27.04 
18  24  44.23 
67  27  48. 01 
114  50  26.99 
170  44  32.36 

Mfter$. 
4.3640299 

Pine 

4.5394977 

Frazier 

4.4902268 

Liebre 

San  Fernando 

4. 6952879 
4.6815183 

Santa  Clara 

4. 8181 190 

PINE,  VENTURA   COUNTY. 

On  the  highest  point  on  western  end  of  Pine  Mountain,  more  gen- 
erally known  as  San  Amedia  Mountain,  whieli  is  the  highest  point  in 
the  county.  There  is  an  old  signal,  used  by  the  Wheeler  survey,  on 
the  east  end  of  mountain  about  1  mile  from  the  station.  There  is  a 
good  trail  from  Mr.  Cuddy's  ranch  to  summit. 

Station  mark:  A  copper  bolt  marked     n  ^  <^    ^^^  ^^^  loose  rock, 

"U      S " 
above  which  is  a  flat  rock  marked     ^'  +  ^* 
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[Latitude  84"  48'  43.09' .    Longitude  119"  10'  05.12".] 


To  statiou— 


Reyes 

Santa  Ynez 
San  Rafael. 
Mcpherson. 

Frazier 

Hines 


Azimuth. 


27  16  08. 18 
67  04  40.56 
79  18  24. 52 
98  18  80.47 
283  06  51.20 
845  52  27.04 


Back  azimatb. 


Log.  distance. 


207  12  14.68 
246  87  00.28 
258  66  17.86 
277  51  22.50 
108  13  88. 72 
165  55  85.48 


Meters. 
4. 8577728 

4.9076845 
4. 7800219 
4. 7754841 
4.2706084 
4. 5894977 


REYES,  VENTURA   COUNTY. 

On  the  highest  point  of  the  divide  between  Sespe  Creek  and  Cuyama 
River,  alx)ut  8  miles  northwest  from  Rafael  Reyes's  residence.  A 
wagon  road  down  Cuyama  River  goes  to  Mr.  Reyes's  residence,  thence 
go  by  good  trail  to  station.  Another  hill  100  yards  north  luvs  timber 
on  it  and  a  line  was  cut  through  it  in  line  with  Pine  station. 

Station  mark:  A  lone  fir  tree  used  as  a  signal. 

Reference  mark:  A  copper  bolt  marked  r^'^c'  ^^'  i^^  ft  large 
rock  4.5  feet  south  from  signal  tree. 

[Latitude  34°  37'  45.47".    Longitude  119'  16  55.01".5 


To  station— 


Santa  Ynez 
San  Rafael. 
Mcpherson 

Pine 

Frazier 

Hines 


Azimuth. 


Back  azimuth. 


79  59  25. 73 
100  28  41.94 
120  35  27. 28 
207  12  14.68 
240  40  15. 20 
305  08  00.24 


259  35  41.90 
280  10  31.52 
300  17  16.07 
27  10  08.13 
00  50  55.17 
125  15  00.85 


Log.  distance. 

Meters. 
4.8127428 

4. 6955497 

4. 7517482 

4.  a577728 

4. 5157054 

4.3640299 


MONTECITO,    SANTA   BARBARA   COUNTY. 

(Not  occupied.) 

The  highest  point  in  range  of  mountains,  about  15  miles  northeast 
from  Santa  Harl)ara  and  12  miles  west  from  Nordoff. 
Station  mark:  A  small  tree  on  summit  of  mountain. 


[Tiatitnde34   32'  16.09  . 

Longitude  119'  28'  02.44 '.] 

To  station- 

Azimuth. 

Back  azimuth. 

Log.  distance. 

Santa  Ynez 

O             1                 M 

88  28  44. 70 
221  57  81. 18 
289  07  20.27 

o            /               // 

268  11  26.42 
42  07  44.09 
69  18  89.06 

Meters. 
4.6719106 

Pine 

4. 6122972 

Reyes 

4.2968168 

1 
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CUYAMA,  VENTURA   COUNTY. 

(Not  occupied.) 

A  prominent  mountain  on  the  soutli  side  of  the  Cuyama  River,  about 
10  miles  below  Rafael  Reyes's  ranch. 
Station  mark:  Ilijijhest  i>oint  of  mountain. 

[Latitude  34  45'  09.39' .    Longitude  1 19"^  28'  33.68 '.] 


To  Htation— 

Azimuth. 

Back  azimuth. 

Lor.  distance. 

Mcpherson 

O                /                    II 

115  53  33.34 
256  45  41.17 
307  30  51.89 

O              1                   It 

295  42  03. 73 

76  56  13. 56 

127  87  29. 51 

Meters. 

4.5352838 

Pine    .-  

4. 4615707 

Reyes 

4.3509242 

CALIENTE,  SANTA  BARBARA   COUNTY. 

(Not  occupied. ) 

About  8  miles  northwest  from  the  Cuyama  ranch,  on  the  liighest 
point  of  the  wliit-e,  barren  mountains,  on  the  north  side  of  the  Cuy- 
ama River. 

Station  mark:  Highest  point  of  mountain. 

[Latitude  a5^  02'  05.42 ".    Longitude  llO'^  45'  38.11".] 


To  station— 

Azimuth. 

Back  azimuth. 

Log  distance. 

McPherson 

O                1               II 

16  29  20.48 
294  22  31.13 
315  38  33. 94 

O               1             II 

196  27  81.05 
114  42  62.23 
135  54  53.05 

Meters. 

4.2326250 

Pine       

4. 7746474 

Reyes 

4. 7977730 

M'PHERSON,    SANTA  BARBARA   COUNTY. 

About  14  miles  from  the  Cuyama  ranch,  on  a  high  round  mountain 
covered  with  brusli  about  4  feet  high.  A  road  goes  from  this  ranch 
to  liart  McPhei'son's  house,  from  which  there  is  a  trail  to  foot  of 
mountain.  A  long  ridge  leads  to  summit,  which  may  be  ascended  on 
horseback.  Station  called  *'  Peak,"  distant  2f  miles  a  little  north  of 
east,  is  about  50  feet  higher. 

Station  mark :  The  oak  signal  tree. 

*'U      S " 
Reference  mark :  A  copper  bolt  marked     p '  ^  g'    8®^  iw  loose  rock, 

with  a  rock  marked  "U.  +S."  placed  over  it.     Azimuth  from  signal 
tree  to  reference  mark  286°  41';  distance  9.5  feet. 
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[Latitude  34   5:]'  i:}.75  '.     Longitude  119   48  49.08  .] 


To  Ktation— 


Aziuiuth. 


;/ 


San  Rafael.   . 0  13  48.02 

Santa  Ynez 20  43  13.:«5 

Tepusquet 94  05  47. 00 

Pine 377  51  33.50 

i 

Reyes 300  17  10.07 


BhtIc  azimuth.  |  I^^^iT-  distAXioe. 


180  12  46.38  ' 
300  37  3:^.66 
373  52  58.05 
98  13  30.47  ' 
130  35  37.38  I 


Meters. 
4. 2947312 

4. 6322557 

4.5341310 

4. 7754341 

4.7517483 


SAN   RAFAEL,  SANTA    BARBARA    ( OUNTV. 

Oil  the  iiortlienimost  of  two  rHtlier  flaX  inouiitiiiiis,  the  highest  of 
the  San  Rafael  Range.  The  point  is  rather  <lifl[icult  to  leaeh.  The 
best  route  is  probably  up  Santa  Cruz  Cre(»k  from  Santa  Viiez  Valley. 

Station  mark:  A  bronze  triangulation  ta])let  set  in  loose  i*oi*k  with 

"U      S " 
a  rook  marked      i/  A  ^i*    above  it,  surmounted  by  a  rock  monument  7 

feet  lugh. 

|LHtitude34    42  31.00  .     Ix)ngituae  119    48  51.97  .] 


To  Htatioti  -- 


^Vziiuuth. 


Ba«*k  azimuth.     Ix)k-  distance. 


Santa  Ynez       ._ 36  30  39.52 

Tepusquet 123  03  08.37 

McPherson '  180  12  46.38 

Pine 258  56  17.86 

Reyes.. '280  10  31.52 


216  25  03.23 
3<)2  50  22. 77  ' 
0  12  48.02  j 
79  18  24.52 
100  28  41.94 


Meters. 
4.4044042 

4.  (5087544 

4.2947312 

4. 7800219 

4. 6955497 


r^i'i 


M  KINLKV,  SANTA    nARBARA    COUNTY. 

(Not  occupied.) 

A  sharp,  rocky  [Riak,  sometimes  called  McKinley  Mountain.  It  can 
be  reached  from  Los  Olivos,  from  which  point  it  shows  as  the  liighest 
point  of  the  San  Rafael  Mouutains. 

Station  mark:  Highest  point  of  mountain. 

[Latitude  34 '  42'  0.J.28  .     Longitude  1 19   50  44.5H  '.] 
ToHtHtifin—  Azimuth.        '   linck  azimuth.  ,  Lof?.  diHtance. 


Santa  Ynez 
Gaviota . . . 
Tepusquet 
McPhenon 


32  09  03. 51 

55  37  :J9.82 

126  31  04.31 

188  04  46.00 


II 


212  04  27. 73 

235  25  34.91 

306  19  28.07 

8  05  51.01 


Me  tern. 

4. 3612394 
4. 5946496 
4.5889200 
4.8194882 


222      PBIKARY  TBIANGULATION  AND  PBIXABY  TBAVSJSSE.    [mtll-ISL 

PEAK,  SANTA  BARBARA  COUNTY. 

(Not  occupied.) 

This  i)oiiit  iH  2 J  miles  a  little  north  of  west  of  priiniiry  station 
McPherson,  and  is  tlie  highest  point  on  the  range.  It  can  be  reached 
by  traveling  up  the  ridge  westward  from  McPherson. 

Station  mark:  Highest  i)ointof  mountain. 

[Latitude  34   54'  02.22  '.     Longitude  119"  51'  33.00  '.] 


Tu  station— 

Azimuth. 

Back  asimuth. 

Log.  distance. 

Santa  Ynez                    ... 

14  48  03. 03 

91  47  18.72 

289  46  42. 42 

349  03  42. 49 

O                 1                II 

194  43  56.49 
271  36  03. 44 
109  48  14.50 
169  05  14.41 

Meters. 
4.6337473 

Tepusquet 

McPherson _ 

4. 4767463 
3.6458659 

San  Rafael 

4. 3343919 

SANTA   YNEZ,  SANTA    BARBARA   COUNTY. 

On  the  highest  point  of  the  Santa  Ynez  Range.  It  c«n  be  reached 
from  the  Sant^a  Y'nez  Valley  or  the  coast  via  new  road  from  Los  Olivos 
to  Santa  Barbara.  From  the  valley  on  north  side  of  mountains,  go 
from  Los  Olivos  or  Santa  Y'nez  to  Mahoney's  ranch,  thence  by  road 
to  the  top  of  divide,  thence  east  along  the  ridge  5  miles  to  station. 

Station  mark:  A  rock  2  by  4  feet,  found  in  place,  with  a  hole  2^ 
inches  deep  drilled  in  it. 

[Latitude  34"  31'  31.79  .     Longitude  119"  58'  43.93 '.] 


To  station— 

Azimnth. 

Back  azimnth. 

Log.  distance. 

Qaviota 

Tepusnuet 

o           1                // 

82  11  19.18 
155  53  58.83 
200  37  33.66 
216  25  03. 23 
246  37  00. 23 
259  35  41.90 

O                 1                     II 

262  03  49.90 
335  46  52. 14 
20  43  12.35 
36  30  89. 52 
67  04  40.66 
79  59  25. 73 

Mctera. 
4.3100387 
4. 6681901 

McPherson 

4. 6322557 

San  Rafael ._ 

4.4044042 

Pine 

4.9075345 

Reyes 

4.8127428 

ZACA,  SANTA  BARBARA  COUNTY. 

(Not  occupied.) 

A  point  locally  well  known  as  Zaca  Peak,  about  10  miles  east  of 
north  from  Los  Olivos. 
Station  mark:  A  small  tree  on  summit. 
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[Latitude  34*^  45'  58.94  .     Longitude  120"  01'  26.79  .] 


To  station— 

Azimath. 

Back  azimuth. 

Log.  distance. 

• 

TepuBqnet 

o               <                  // 

136  40  59.81 
235  06  26.76 
288  08  24.34 
351  09  07. 80 

o          1           n 

816  35  28. 85 

55  13  39.49 

108  15  34. 46 

171  10  41.27 

4.8364840 

Mcpherson 

4. 8702877 

San  Rafael 

4.3056366 

Batitfl-  Yn67 

4.4320598 

TEPUSQUET,  SANTA   BARBARA    COUNTY. 

A  Btatiou  of  the  United  States  Coast  and  Geodetic  Survey  on  the 
highest  x)eak  of  the  Tepusquet  Range.  It  can  be  reached  from  Good- 
child's  ranch  in  the  Conyado  Valley. 

Station  mark:  A  hole  drilled  in  solid  rock. 

[Latitude  34''  54  30.98  '.     Longitude  120   11'  13.14.  ] 


To  station- 


Azimuth. 


€bkyiota 

CkiYiota  (by  C.  &  G.  S.) 

HcPherson 

San  Rafael 

Santa  Ynez 


/' 


1  24  42. 75 

1  24  39. 76 

273  52  58.05 

302  50  22.77 

335  46  52. 14 


Back  azimath.  \  I^og.  diHtanc^. 


// 


181  24  17.54 
181  24  14.86 
94  05  47.00 
123  03  08.37 
155  53  58.83 


4.6561948 
4.6561948 
4. 5341810 
4.6087544 
4. 6681901 


GAVIOTA,  SANTA    BARBARA   COUNTY. 

A  station  of  the  United  States  Coast  and  Geodetic  Survey  on  one 
of  the  highest  peaks  to  the  eastward  of  Gaviota  Pass.  The  peak  is 
best  reached  through  the  canyon  extending  toward  the  eastwai'd 
from  the  pass  at  a  distance  of  about  1  mile  from  the  wharf.  The 
highest  jDcaks  in  the  vicinity  (between  150  and  300  feet  higher)  are 
situated  1^  miles  to  the  eastward. 

Station  mark:  A  copper  bolt  set  in  concrete,  above  which  a  hollow 
cement  pier  is  erected. 

[  Latitude  34    30  01.01  .     Longitude  120'  11'  56.89 '.] 

(By  Coast  and  Geodetic    Survey,  Yolo   base  data.     Latitude  34    30    00.83'. 

Longitude  120    11'  56.89.) 


To  tttatiun- 


Tepusquet 

Tepusqnet   (hy  Coast   and   Geodetic 

Survey) 

S«nta  Ynez 

■I 


Azimuth. 


181  24  17.54 

181  24  14.86 
262  03  49.90 


Back  azimuth. 


Log.  distance. 


// 


1  24  42.45 

1  24  39.76 
82  11  19.18 


yietertt. 

4. 6561948 

4. 6561948 
4.8100887 
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ALASKA  (NOME  DISTRICT). 

Triang^ulation  Stations. 

The  following  ju:eoii:rapliic  poHitions  are  dex>eii<lent  on  the  positions 
of  (Trave  aiul  Koinul  triangulation  Ht^itions,  as  furnished  by  the 
UuiU^'d  Stalc^H  Coast  and  Geodetic  Survey. 

The  fieUl  work  was  done  by  Mr.  R.  B.  Robertson,  with  a  Saegmuller 
4-ineh  vernier  theodolite  reading  to  30",  under  the  direction  of  Mr. 
E.  C.  Barnard,  topographer. 

Average  closure  error  of  triangles,  11". 

ROCKY. 

On  highest  point  of  a  rocky  i>eak  about  7  miles  N.  73°  W.  from 
Chinik.  There  is  no  trail  to  station,  but  it  can  be  reached  by  going 
in  a  straiglit  linij  from  Chinik.  There  is  good  grass  and  water  on 
west  side  about  1  .^  miles  distant. 

Station  mark :  +  <^'ut  in  solid  ro<?k,  over  which  is  a  small  jjile  of  rock. 

[Latitude  64   34  24.84  .     Longitude  162^  48'  10.84".] 


To  station  - 

Azimnth. 

Back  azimnth. 

Loff.  distance. 

Round 

Town - -  -  - 

0                   /                 // 

12  46  14.4 

73  43  30.5 

121  47  2«.3 

45  35  47. 9 

O               f                 II 

192  43  22.4 
253  31  42.9 
301  16  49. 3 
225  23  55.6 

Meters. 
4.06137 
4.03657 

Lime 

Grave  ... 

.-  .._-  .  —  _-  — .  .  —  .,_-._-. 

4.50053 
4. 17143 

ROUND. 

A  station  of  the  Coast  and  Geoiletic  Survey  on  a  rounded  point, 
about  1  mile  north  of  the  island  on  which  the  astronomic  station  was 
situated.     It  is  about  1,000  feet  from  the  edge  of  the  bluff. 

Station  mark:  A  cross  cut  in  the  center  of  toj)  of  a  rock  flush  with 
surface  of  ground. 

[Latitude  61^  28'  22.10  .     Longitude  162'  51'  21.38".] 


To  Htatiou  — 

Azimuth. 

Back  azimnth. 

Log.  distance. 

Boot 

o               /              // 

86  39  02. 9 

95  58  35. 1 

135  58  30. 9 

192  43  22. 4 

O              1               M 

266  22  28. 0 

275  49  30.9 

315  49  85. 6 

12  46  14.4 

Meter: 
4. 16917 

Grave 

3.90852 

Town 

Rocky  .   .   

4.05584 
4. 06137 

NATURAL    ROCK. 

(Not  occupied.) 

A  prominent  rock  on  ridge  between  Golofnin  Bay  and  Quinnehuk 
iliver. 
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[Latitude  64  45  25.75  .    Longitude  162   51  40.00  . J 


To  station^ 


Town. 
Rocky 


Azimatb. 


18  01  39 


Back  azimatb. 


352  15  06 


197  53  00 
172  18  15 


Lot;,  distance. 


Meters. 

4.39338 
4.31504 


TOWN. 


Oil  sand  spit  at  entrance  to  inner  Golofnin  Bay. 

Station  mark :  Cross  cut  on  large  stone  flush  with  surface  of  ground. 

[Latitude  64^  32  45.81  .     Longitude  10:r  01  14.42  .] 


To  station— 


Azimntb. 


Back  azimatb.  i  Log.  distance. 


Orave  i  l  02  53.9  ; 

Boot 36  56  29.9  I 

Lime ^'  139  56  55.1  I 

Rocky    .-   '  253  31  42.9  I 

Round .• 315  49  35.6 


181  02  44.8 
216  48  50.0 
319  38  06. 5 
73  43  30.5 
135  58  30. 9 


Jletera. 

3.86542 
4.05432 
4. 40989 
4. 03657 
4.05584 


GRAVE. 

A  station  of  the  Coast  and  Geodetic  Survey  on  a  high,  gra8.«»y 
XX)int  about  3<X)  meters  from  the  end  of  a  rocky  point  on  the  west  side 
of  the  bay  (Golofnin).     There  are  several  Eskimo  graves  near  by. 

Station  mark:  A  crosscut  in  center  of  top  of  a  large  stone  set  flush 
with  surface  of  ground. 

[Latitude  64   28  48.99  .     Longitude  163^  01  24.47  .] 


To  station- 


Azimuth. 


Back  azimutb.  !  Log.  distance. 


Town  . 
Rocky. 
Round 


181  02  44.8  ' 
225  23  55.6  ! 
275  49  30.9 


1  02  5:5.9  i 
45  35  47.9  ' 
95  58  35. 1 


Metirrs. 
3. 86542 

4.17143 

3. 90S52 


BOOT. 

On  highest  j  art  of  ridge,  about  7  miles  S.  37'  W.  from  Chinik. 
This  ridge  forms  a  narrow  neck  of  land  l)etween  Bering  Sea  and 
Golofnin  Sound.  It  can  be  easily  reached  from  any  side  on  foot  or 
with  animals.  There  is  plenty  of  water  and  some  wood  (m  the  Golof- 
nin side,  and  probably  on  other  sides.     There  is  a  natural  pile  of  rock 
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about  100  yards  east  of  station.     This  is  also  a  trian^ulation  station 
of  the  United  States  Coast  and  (reodetic  Survey. 
Station  mark:  A  rock  monument. 


[Latitude  64'*  27'  53.11  .    Longitude  163   09  43.96  .] 


To  station— 

Azimnth. 

Back  azimnth. 

303  39  15.6 

340  50  08. 1 

36  56  29.9 

86  39  02.9 

Lost,  distance. 

Monument 

Lime  _ 

0                t               It 

134  07  51.5 
161  10  15.9 
316  48  50.0 
366  32  28.0 

Meiers. 
4.48456 

4.48186 

Town    

4.05132 

Round 

4. 16917 

LIME. 

On  a  white  hill  about  3^  miles  N.  Id""  E.  of  a  white  hill  near  Fish 
River,  known  as  White  Mountain,  and  about  tlie  same  distance  from 
the  town  of  White  Mountain.  The  station  is  on  the  third  white  hill, 
counting  from  White  Mountain  north.  There  is  little  choice  of  a 
route  to  the  station  from  White  Mountain,  but  it  is  probably  test  to 
go  via  White  Mountain  and  thence  from  one  white  hill  to  the  other 
until  station  is  reached.  Wood  a,nd  wat^r  are  in  abundance  alwut 
one-half  mile  east  of  station. 

Station  mark:  **U.  -f  S."  on  rock,  over  which  is  a  spruce  tree  al>out 
15  feet  high. 

[Latitude  64   43  19.55  .     Longitude  163   22  03.26 ".] 


To  station— 

Azimnth. 

Back  azimnth. 

Log.  distance. 

1                   O               »                    II 

1 

0               1                   II 

Meters. 

Monument 

1      52  59  57.6 

232  42  27.9 

4. 28622 

Solomon 

80  25  55.1 

1 

259  46  11.9 

4.55163 

Council 

123  11  55.0 

302  49  05. 0 

4.37768 

Rocky 

301  16  49.3 

121  47  26.3 

4.50053 

Boot 

340  59  0±\ 

161  10  15.9 

4.48186 

Town 

,    319  38  06.5 

139  56  55. 1 

4.45989 

WHITE  MOUNTAIN. 

(Not  occupied.) 

A  low  limestone  hill  about  200  feet  above  sea  level  on  north  bank 
of  Fish  River,  one-fourth  mile  below  town  of  White  Mountain. 
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[Latitude  64   40  41.11^    Longitude  163   23  25.04^^] 

'i^JY 

To  Btation—                                      Azimuth. 

Back  azimuth. 

Log.  distance. 

Town 

Boot 

309  35  47 
335  12  39 

C                   1 

129  55  49 
155  25  01 

Metertt, 

4. 36198 
4. 41790 

MONUMENT. 

On  liighest  point  of  ridge  which  runs  north  and  east  from  Bluff 
City  (Topkok),  and  about  4  miles  X.  34°  E.  therefix)m.  A  trail  runs 
close  to  signal,  coming  from  the  south.  It  is  easily  accessible  from 
Bluff  City.  There  is  good  grass  in  the  draws  and  water  about  2  miles 
north  of  station. 

Station  mark:  A  rock  monument  alx)ut  9  feet  high. 

[Latitude  04   37  02.65  .     Longitude  163*  41  24.56' .] 


To  Htatiou— 

Azimuth. 

Bairk  azimuth. 

Log  dintanee. 

Solomon  .  .. 

105  53  38.2  , 

285  31  15.7 

349  13  54. 1 

52  59  57. 6 

124  07  51.5 

Melvrs. 
4.31164 

Council 

Lime 

Boot 

—       ••••.«.••••..—  •  —  •    . 

C'H 

169  19  13.2 
232  42  27.9 
303  39  15.6 

4. 39978 
4. 28623 
4. 48456 

OWIK. 

(Not  occupied.) 

A  sharp  peak  about  3,50(>  feet  above  sea  level,  at  head  of  Neuku- 
luk  River,  Ophir  Creek,  and  Parantulik  River. 

[Approximate  ix>sition:  Latitude  65'  08'  34  ".     Longitude  163   45'  30 '.] 


To  station— 


Rocky 
Town. 


Azimuth. 

Back  azimuth. 

Log.  distance. 

u             /           // 

C          1         n 

Meter  it. 

334  02  16 

144  54  08 

4. 89170 

331  54  24 

152  34  29 

4. 87628 

COUNCIL. 


A  round,  rocky  point  about  0  miles  S.  42°  W.  of  Council,  being  the 
neai'est  mountain  south  of  Council. 

Station  mark:  A  rock  marked  *'U.  A* S.,"  above  which  is  a  rock 
monument  7  feet  high,  with  a  pine  ti-ee  in  tlie  top. 
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[Latitude  64^  50'  10.20".    Longitude  168'  47'  17.57 '.] 


To  Htatlon— 

Azimuth. 

B«ok  wdiimth. 

Los.  dtetaaoe. 

Solomon  . . 

J       1       II 
38  13  07.7 
802  49  05.0 
349  18  54.1 

0                /                // 

217  56  08.8 
128  11  55.0 
169  19  18.2 

Meter: 
4.88542 

Lime    . .   . . 
Monument . 



4. 87768 
4.89978 

TOPKOK. 

(Not  occupied.) 

On  promontory  by  that  name — a  United  States  Coast  and  Geodetic 
Survey  station. 

[Latitude  64    33'  25.57  .     Longitude  163'  67'  58.22. "] 


To  station— 

Aziniath. 

Back  asimuth. 

Los:,  distance. 

Solomon — 

151  46  10 
242  48  31 
284  35  16 

881  38  96 

68  08  24 

105  18  44 

Meters. 
4.14420 

Monument 

4. 16949 

Boot - 

4.60103 

SOLOMON. 

A  higli  ridge,  sometimes  called  Thomson  Mountain,  between  the 
Right  Branch  and  Big  Hurrah  Creek,  both  tributaries  of  Solomon 
River,  and  about  12  miles  northeast  of  the  mouth  of  Solomon  River, 
but  not  visible  therefixjm.  Ridge  has  three  round  points  about  the 
same  height,  the  station  being  on  the  one  whicli  shows  to  be  in  the 
middle  from  nearly  all  directions.  The  point  farthest  west  has  two 
little  natural  humps  on  top.  Station  can  be  reached  by  going  up 
Solomon  River  about  8  miles  and  thence  across  countiy  a  little  north  of 
east  8  or  9  miles.  It  is  possible  that  it  can  be  more  easily  reached 
from  the  mouth  of  Topkok  River. 

Station  mark:  '*U.  A  S-"  ^^^  on  rock  in  place,  over  which  is  a  rock 
monument  about  S  feet  high. 

[Latitude  64   40'  01.81'.     Longitude  164'  00'  10.18'.] 


To  station  — 


Azimuth. 


Council !     217  50  03.3 

Monument 285  31  15.7 


Topkok 
Lime  . 


Back  azimuth. 


331  38  26. 0 
259  46  11.9  ; 


38  13  07. 7 
105  53  38.3 
151  46  10.0 

80  25  55. 1 


Log.  distance. 


Meters. 
4.88542 

4. 81164 

4.14420 

4.55168 
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A..  Pa*re. 

Adgen,  8.  C,  position  of 149 

Adirondack   and   St.    Lawrence   Railway 
(New    York    Central),     position** 

along 59 

Akron,  Ohio,  position  of 139 

Alamo  station,  California,  description  and 

position  of 217 

Alaska,  descriptions  of  triangiilation  sta- 
tions in 224-21J8 

Alder  station.  New  York,  description  and 

position  of 47 

Allandale,  Ohio,  position  of 152 

Allegheny  Old  Obser\'ator>'  station,  Penn- 
sylvania, description  and  position 

of 107 

Alliance,  Ohio,  position  of 138 

Allison  sUtlon,  West  Virginia,  description 

and  position  of 127-128 

Almanac  station,  Maine,  description  and 

position  of IH 

Aktton.  8.  C,  position  of 147,150 

Altman  station,  Pennsylvania,  description 

and  position  of 99 

Alto  station.  Peftnsylvanin,  description  and 

position  cif 70 

Altoona  station.  Penns>'lvania,  description 

and  iHwition  of 77 

Alvada.  Ohio,  inwition  of 165 

Alvert4>n  station.  Pennsylvania,  description 

and  i>osition  of 97-98 

Alzada  station.  Wyoming,  description  and 

position  of 177 

Amlin.  Ohio,  position  of 158 

Ampersand  station.  New  York.  (Ies<*ription 

and  position  of 27 

Andes  station.  New  York,  description  and 

position  of 40-41 

Arcadia,  Kuns.,  i>osition  of Itin 

Arkansas,  positions  of  points  in 173-174 

meridian  marks  in 174 

Arlington.  Ohio.  iMwdtion  of 1.S7 

Armstrong,  Ohio,  position  of 140 

Arnold,  Ohio.  i>osition  of 159 

Artliur.  8.  C.  ftosition  of l.^iO 

Ash  Grove,  Mo..  |M)sition  of Ids 

Ashton,  Mo.,  |Mwition  of 167 

Atlantic  and  North  Carolina  Railway,  posi- 
tions along 144 

Atlantic   Coast    Line    Railway,   positions 

along 146, 146 

Atlantic  section  of  topography.  dctHiUKi 

report  of  triangulation  work  of . . .  18-152 
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Atwater.  Ohio,  position  of 188 

Auburn,  Ohio,  pctsition  of 142 

Aurora.  Mo.,  ftosition  of 169 

Averill  station.  New  York,  description  and 

position  of 23 

Azure  station,  New  York,  description  and 

position  of 84-35 

B. 

Baldwin,  D.  H.,  work  of 68 

Baltimore  and  Ohio  Southwestern  and  Bal- 
timore and  Ohio  railroads,  positions 

along 152-158 

Baltimore.  Chesapeake  and  Atlantic  Rail- 

nwd,  positions  along 64 

Bangor.  N.  Y..  piwition  of 60 

Barbenon,  Ohio,  position  of 189 

Barrs,  8.  C.  position  of 160 

Basham.  Ark.,  position  of 178 

Baskett,  Ky.,  position  of 162 

Bayard,  Ohio,  i»osition  of 188 

Beadle  station.  New  York,  description  and 

position  of 66 

Beallsville  station,  Ohio,  description  and 

IN)sitlon  of 136 

Beaman.  W.  M..  work  of 186 

Bearden.  Ark.,  position  of 174 

Bearfort  station.  New  Jersey,  description 

and  position  of 82 

Beaver  ('reck,  South  Carolina,  position  of. .  147 
Beavertown  station,  Pennsylvania,  descrip- 
tion and  position  of 78 

Be<lfortl,  Ohio.  iKNdtion  of 188 

Beels   station.    Pennsylvania,    description 

and  p<isition  of 99-100 

Bell  Mountain  station.  Texas.  jKtsition  of..  185 

Bellcfourche,  8.  Dak.,  meridian  marks  in  . .  179 

triangulation  station  at 178 

Berlin.  Md..  position  of 61 

Berry  station.  New  York,  deM*ription  and 

IHwition  of 66 

Best,  Ark..  jKwition  of 174 

Bethel.  N.  C.  i>osition  of 146 

Bethlehem,  Md..  i>osition  of 64 

Beulah.  Iowa.  |Mwition  of 166 

Big  Baldy  station.  (California,  description 

and  |N)sition  of 216 

Big  Knob  station.  Pennsylvania.  descrii»- 

tit»n  and  jHisition  of 113-114 

Big  Shuteye  station.  I'alifomia,  description 

and  position  of 211-212 

Billings.  Mo..  i>osition  of 169 
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Bingham  ton,  N.  Y.,  meridian  marlu  tit 61 

Bishop,  Md.,  position  of 66 

Blackcreek,  X.  C,  po(«ition  of 145 

Blarkstook,  S.  C,  rio^ition  of 149 

Blair,  S.  ('.,  iKwitlon  of 147 

Blanch&rd,  Ohio,  poidtion  of 167 

Blanchester,  Ohio,  position  of 162 

Bloody  Pond  Mtation,  New  York,  description 

and  position  of 67 

Bloomingburg,  Ohio,  poMitlon  of 163 

Bly thewood.  8.  C. ,  position  of 149 

Bobell  station,  New  York,  description  and 

position  of M-66 

Boeme,  Tex.,  position  of 187 

Bois  D' Arc,  Mo.,  position  of 169 

Bombay,  N.  Y.,  position  of 60 

Bookman,  S.  C,  position  of 147 

Boonvllle  station,  New  York,  d^cription 

and  position  of 51 

Boot  station,  Alaska,  description  and  posi- 
tion of 226-226 

Bowie  station.  Texas,  description  and  posi- 
tion of 186 

Bowling  Green,  Ohio,  position  of 156 

meridian  marks  at 159 

Boysur,  Mo.,  position  of 170 

Bradford  Hill,  Pennsylvania,  position  of...  67 

Bradner.  Ohio,  position  of 166 

Brainard.  Iowa,  position  of 164 

Bramley  station.  New  York,  description  and 

position  of 42 

Brandy  wine  Summit,  Pa.,  position  of 68 

Brashear,  Mo.,  position  of 166 

Brasher,  N.  Y".,  position  of 58 

Bridger  Butte  station,  Wyoming,  position  of.  1% 

Briggsdale,  Ohio,  position  of 163 

Bristoria  station,  Pennsylvania,  description 

and  position  of 119 

Broadkill,  Del.,  (position  of 66 

Broadview  stAtion,  Pennsylvania,  descrip- 
tion and  poidtion  of 87 

Brooktield.  Pa.,  poidtion  of 67 

Brookline,  Mo.,  position  of 169 

Brush  Mountain  station,  Pennsylvania,  de- 
scription and  position  of 76-76 

Brushton.  N.  Y.,  position  of 68 

Buck  station.  Washington,  description  and 

ptisition  of 207 

Bunker  Hill  station,  Penn^lTania,  descrip- 
tion and  position  of 117 

Burbank,  Ohio,  position  of 139 

Burke,  N.  Y.,  position  of 59 

Burlington,  Cedar   Rapids  and    Northern 

liall way,  positions  along 164 

Burton.  (Jhio.  position  of 141, 142 

Bush  Hill  station,  Pennsylvania,  descrip- 
tion and  posiition  of 96 

Butto,  Mont.,  positions  of  mines  located 

near 189-191 

Butternut  station.  New  York,  description 

and  position  of 49 

C. 

Cadiz  station,  Ohio,  description  and  posi- 
tion of 136 

Calhoun  .station.  Pennsylvania,  description 

and  position  of 106 
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Caliente  station,  California,  description  and 

position  of 220 

California,  central,  descriptions  of  trlangu- 

lation  stations  in 20^215 

California,  southern,  descriptions  of  trian- 

gulation  stations  in 215-223 

Call  station,  Pennsylvania,  description  and 

position  of 116 

Camden,  Ark.,  position  of 173,174 

meridian  marksat 174 

Campbells,  S.  C,  position  of 149 

Cannelton,  Ind.,  position  of 162 

meridian  marks  at 163 

Canonsburg  station,  Pennsylvania,  descrip- 
tion and  position  of 112-118 

Canton,  Ohio,  position  of 141. 142 

meridian  marks  at 142-143 

Cape  Henlopen  light-house,  Delaware,  posi- 
tion of 65 

Carey,  Ohio,  position  of  155 

Carl  Junction,  Mo.,  position  of 170 

Carlisle.  S.  C.  position  of 148 

Carroll  station,  Maine,  description  and  posi- 
tion of 18 

Carrollton  station,  Ohio,  description  and 

position  of 137 

Carrolltown  station,  Pennsylvania,  descrip- 
tion and  position  of 79 

Carthage,  Mo.,  position  of 170 

meridian  marks  at 171 

Castle  Rock  station,  South  Dakota,  descrip- 
tion and  position  of 176 

Cayce,  S.  C,  position  of 150 

Cedar  Grove  station.  North  Carolina,  posi- 
tion of 146 

Centennial  station,  Ohio,  description  and 

position  of '. 131 

Central  Section  of  Topography,  detailed  re- 
port of  work  of 152-174 

Chadds  Ford  Junction,  Pa.,  position  of 67,68 

Chambers,  Ky.,  position  of 16S 

Chambersburg  station,  Pennsylvania,  de- 
scription and  position  of 70 

Chapaca  (2)  station,  Washington,  descrip- 
tion and  position  of 206-207 

Chapman,  R.  H.,  work  of 179, 187 

Chester,  S.  C,  position  of 148,149 

meridian  marks  at 151 

Cheyney.  Pa.,  position  of 67 

Chicago,  Milwaukee  and  St.  Paul  Railroad, 

positions  along 165 

Chidester.  Ark.,  position  of 173 

Chowik  station,  Alaska,  description  and  po- 
sition of  227 

Churubusco,  N.Y.,  position  of 59 

Cincinnati,  Ohio,  position  of 152 

Claridon  station.  Ohio,  position  of 142 

Clarion  Court-House  station,  Pennsylvania, 

description  and  position  of . . . «. 89 

Clark,  N.  C,  position  of 144 

Clark  City.  Mo.,  position  of 167 

Clarks  Hill  station,  Ohio,  description  and 

position  of 135 

Clarksburg,  Kans. ,  position  of 168 

Claysville  station,  Pennsylvania,  descrip- 

tionand  positionof 119 

Clayton  Peak  station,  Utah,  poidtion  of....      198 
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Clearview  station,  Pennsylvania,  descrip- 
tion and  position  of 100 

Clermont,  Iowa,  position  of 164 

Cleveland,  Akron  and  Columbus  Railway, 

positions  along 139 

Cleveland,  Ix)rain  and  Wheeling  Railway, 

positions  along 140 

Cleveland  Terminal  and  Valley  Railway, 

positions  along 141 

Cleveland  and  Pittsburg  Railway,  positiouH 

along 138 

Clever  station,  Pennsylvania,  description 

and  position  of JW 

Clinton  station,  West  Virginia,  description 

and  position  of 12» 

Coar  Creek,  North  Carolina,  position  of 144 

Coleman  station,  Pennsylvania,  description 

and  i)osition  of >*3 

Columbia,  8.  C,  pasltion  of 147, 149 

meridian  marks  at IW 

Columbia  station,  Montana.  des(*riptionand 

position  of 1*»« 

Columbus,  Kans. ,  position  of 170 

meridian  marks  at 173 

Columbus.  Ohio,  i>osition  of 153,  Ibi 

Comfort,  Tex.,  iKJsitioiis  of  points  near  —  Ihfi 

Concord \ilk',  Pa. ,  im  isition  of fW 

Conetoe,  X.  C,  position  of 1  ift 

Conness  station.  California,  description  and 

prwitiouof a08-209 

Constable,  X.  Y.,  iKwition  of 59 

Contentnea,  N.  C,  position  of 145 

Cook,  Ohio,  i>osition  of 163 

Cool  Spring.  Del.,  position  of 65 

Cooperstown,  X.  Y.,  meridian  marks  at 61 

Cordova,  Md.,  i>osition  of 63 

Cornwall.  S.  C,  position  of 149 

'Cossart,  Pa.,  position  of 67 

CottonwfKxl  station,  Wyoming,  description 

an<l  pttsition  of 175 

Council  sUition,  Alaska,  description  and 

position  of •-»27-228 

Cozaddale.  Ohio,  position  of 152 

Crawfonl,  Mo.,  position  of 167 

Crawford,  Ohio,  position  of 155 

Crestline,  Kans.,  iKwition  of 170 

Cre&ton,  Ohio,  iMM<ition  of 139 

Crisfield  light-house.  Maryland,  position  of.  66 
Croghan   st4itlon,  New    York,   description 

and  iH^itlon  of 62 

Cross  Creek  ^tation.  Pennsylvania,  dcscrijH 

tlon  and  i»osition  of 121 

Cuba,  Ohio,  i>ositlon  of 152 

Currant  Creek  Peak  station,  l.'tah,  i^wltlon 

of 193 

(*uyahoga  Falls,  Ohio,  juisition  of 139 

Cuyama  station,  California,  description  and 

|KX«jitlon  of 220 

Cygnet.  Ohio,  iH)sltlon  of 156 

r>. 

Dagsboro,  Del.,  position  of 65 

Dalton,  Ohio,  position  of 141 

Dana  station,  California,  den'ription  and 

position  of 209 

Dawkins,  8.  C,  position  of 147 
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Dawson  station.  Pennsylvania,  description 

and  position  of 119-120 

Debar  station,  Xew  York,  description  and 

position  of 27-28 

Deer  Ears  station,  South  Dakota,  descrip- 
tion and  position  of 178 

Delaware,  positions  of  points  in 63, 65, 66 

Delaware,  Ohio,  position  of 164 

meridian  marks  at 189 

Delhi,  N.  Y.,  meridian  marks  at 61 

Delmar,  Md.-Del.  State  line,  position  of 66 

Delmar,  S.C.,  position  of 150 

Denman  station,  Xew  York,   description 

and  position  of 36-87 

Dents.  S.C..  position  of 149 

Derby,  Ohio,  position  of 153 

Deseret  station,  Utah,  position  of 192 

Devil  station,  CaJifomla,  description  and 

position  of 210 

Deyoe  station,  Xew  York,  description  and 

position  of 41-42 

Dickson  station,  Pennsylvania,  description 

and  r»osltlon  of 115-116 

Dorchester,  Mo.,  pt^tlon  of 169 

Dover.  X.C.,  r>cjeltiono( 144 

Dowling,  Ohio,  position  of 166 

Downing,  Mo.,  position  of 167 

Dowulngton,  Pa. ,  position  of 67 

Duane  station,  New  York,  description  and 

position  of 28 

Dunbar  station,  Pennsylvania,  description 

and  position  of 99 

Duncan  station,  Pennsylvania,  description 

and  position  of 76 

Dunkirk,  Ohio,  ptwltion  of 167 

Dimning   station,  Pennsylvania,   descrip- 
tion and  iK)sitlon  of 77 

Dunnlngton,  A.  F.,  work  of 174 

Dnpler,  S.  C,  position  of 160 

Durliam,  Mo.,  fjosltlon  of 165 

E. 

Eagle  Mill,  Ark.,  position  of 174 

Earlville,  Ohio,  position  of 188 

East  Liverprjol  station,  Ohio,  description 

and  iHJsition  of 180 

Easton,  Md.,  position  of 63 

East  MadLsonvllle,  Ohio,  positiim  of 152 

East  RtX'hester,  Ohio,  inisitlon  of 138 

Ebensburg  station,  Penn.sylvanla,  descrii>- 

tion  and  position  of 80 

Etlen,  Md.,  p<isition  of 66 

l^dina.  Mo.,  position  of 166 

meridian  marks  at 171 

Elders  station,  Ohio,  description  and  i»osl- 

tlon  of 188 

Elgin,  Iowa,  position  of 164 

Eliznb<.>th  Mountain  station,  Utah,  |>Ohltlon 

of 195 

E11wo<k1,  M<i.,  p<»*ltlon  of 64 

Elm  City,  X.  C,  position  of 146 

Elmer  station,  Xew  York,  des(*ription  and 

position  of 54 

Elm  wood,  Ohio,  position  of 154 

Elwood,  Mo.,  position  of 109 

Embreeville,  Pa.,  position  of 07 
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Pmgt. 

Emmet.  Uu„  [nxltion  of 10' 

Ennab..  Mil..  [•oelHon  of M 

ErM.iiliiii,  [...1tl..iuif 153 

Erliwl.iililii,  [umiliciiiol 1« 

Brii'IoillHuy  puiiicionsitk'iiK lai 

Evans   (Utltiii    remufU'Vll*,  <lv*crlirtk>n 

iinil  poriTlon  of        ^ 

Gfuwuiu.  lnd..rodliim.<«( •** 

Eveuiutlon,  S'ewTfOTk.de«ciiptlon»iia  po- 

■illcmot M 

EveTcit  Ktnlliin,  PL-niuylvHnIa,  diw^ripttcin 

Kvun-lW,  K.  C,  p<»lHon  of W> 

Evinun,  Mi>.,p«ilti<m.>I IW 

Bvlnn.  Uu.,  pwiUon  of 1^ 

F. 

rWrvlllB,  Pa.,  pimlUoii  lit 6" 

P«lcrai.Kj-  podtlmiof    iss 

podrion-oJ           1* 

TBTelte,  Ohln.poilHiinof 153 

Fern  Hilt.  Itniiarlvaiilii.  iwlllim  nt (•'■ 

Fickle  Hill  Mallon.  l-cnnarlvHiila.  dneilp- 

ilon  and  piHltion  •>[ W 

Tlndlny  DUlo.poslllmn.i IK 

nuTtdiuniDBrlttiit        1*0 

FiKh  IIIII  HUtloii.  Maine,  di-HTlpllim  aod 

IMnlHiiii  of ai 

JleU'hw.Kti.,iWiltloni'f IW 

FloMl.  Ky..  pmltlon  i>l I«3 

riHit  «f  I'lani-  Etghl  Flulton.  I'liinnjlvanla. 

<ieii(Tliitlo(nndTiortIloin'f 7S-T9 
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FranlLliii'                                     eh 
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lumr IsS-lSfi 
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Xhm  Mia  iiwlllr.n  of  "lallniK  on  Hue 

<5-. 

OBln.'KVlHf  aoillijii,  Tvxiu..  .1.-»(Tt|jlii.ii  ami 

|.iwllk>liof ISl 

t)aliiiea,Oli1(i,poxlti<in»f IK 

tiaIlRxbn>rille.PiL.i»<itkiiiof ei 

OslUwig'  nuDuii,  Ohio.  •Uwriirtltin  anil 

liinltlonof m 

Owini'lt.  S.  »..  Hork  i.f 1S,22,». 

Uarlatiil.  Kaiu>..  |>n>iliiiuof li» 

QuTi'lt  Eilutiiiii,  I'cniu'.vlTiiiila.  ilcM'riplfiiii 

nnil  pi»ilHon  of ilT 

Unviiiia  hlalioii.  Califomln,  dtwrlpdnn  nnd 

[■Klliiinnl ZS 

Oi»it(cii>wn.t>el..  iHHllionof fW 


FMe. 
Uettj-Kbur;  M«lliHi,  PeniuylTuila.  tletei\^ 

lion  and  pmltloDof 70 
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tiilbtrt,  K.  C,  pisilioDof ISD 
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ti]endal«.g.C.pnJtlonof l«t 

Oli>be,Mo.,p(Blllaiot        m 

a  ndtlkrd  >iil  iiin,  dJUornlMtevripcloo  and 
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lioldeniHl)   Slo.. pmlllonol WS 

Gold»bon>.  Mil    poriiinaof    es 

OoUlRbom,  >;,r..]K:i»IHci|H>f   IM 
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iiiiv,TiinuLimn(lon,Ptnnij-|Tinln.'J<!«crlp- 

ildiijiniljHwiitonnt      74 

tiraruHiMatkin.  Ohio,  podtlon  of IM 

Graham  atatlon.  New  York,  dfwrtptlon  and 

poilinnot 87 

umluiiu  ^iHlluii,  Pi:uns)-|niiiii.  d«arcfp(ion 

anilpiwlljontil            go 

GralnKen.,K,r,,]Mii]llimi>l    1« 

GrandTninklinlliiij-  lio«lUuli»»loiiB  ....  6D 

limmiBiiy,  I'li,,  jOfililiiniif       87 

'■jnivcBliilkiii.  A lanka. deacriptlon  and  po- 
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Grwnlillt,  Pb.  piMltlonot or 

Urwn>bo(0,Md.,  poritlonof 63 

Cret-nlop,  Ma.,pa«lilonof !»> 

OntenUiwu.Ohlri.poaiUonof 141 

'Um-litroe  .nitloD,  Penntylvanla.  dncii|i- 

UoaiindpiwIiloDiif u>t 

timmvllli;,  X.  C,  piwition  ol I4« 

Gre]-  HL-ad  Klallon.  I'tali,  description  and 

position  o( BJi 

Griffllh  K     puiHlonol lei 

(irllriiii.N.Cpoditonwf       IM 

Grliuliid,  N.c,  podtkmcf     IIA 

GrlsKold,Tll"  T  mwkol S.ia* 

Gnm-  MBiloi].  Priiiu]r1vaQiii.  dewrriptlon 

indpuallionol  W 

GuniBtallon,\"L'wY(ir1[,d™nlplkniaiidpo. 
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Gurdr.n.  Ark..  |H»itl0Bof 17J 

S. 
Hnmliorn  Ktalion,  Xcv  Vork.  desorlptloii 

Hndi-j»iii.iiiof M 

Hamllloii.S'.Y..  meridian  marks  at 61 

Haiiiiuund  station,  Ohio,  dcwripilon  and 

HHnoVL'i,  uhlo,  portion  of 1S» 

HiirUiw.  Aik..  pwillimof 1T4 

Hanuon  Blution.  Peunaylvanla.  dewription 

andpiBlTlottol  »l-«i 

Barper.W.  R..w«li*f fi* 

Han"*".  UhlO.JWsHlonof 1» 

Hurtinan  smtlon   FemiTh-ttiila.  deacrtp- 

llotl  and  podlionol ns 

Hailly  Dili,  poddonol G3 

Hanitbnni.X.CpodTionof 146 

Hawi.«lUr,Ky  posllionor. WtlM 

HU'rldlaEmnmn IW 

Hawkins.  I'l-onreT.,  work  of 152, 

iKi.iM.iffi.in;.i0>.iT) 
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Ironshire.  Md.,  position  of 66 
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meridian  marks  in 168 

Keokuk  and  Western  Railn>ad,  pftsitions 
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Kepple  staticm.  Penr.sylvania.  description 
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Kunkle  station.  Pennsylvania,  description 

and  po«ition  of M 
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Lamar.  Mo.,  jionition  of 168 
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tion  of 200 

Lester.  Ark..  {Ntsition  of ITS 

Lester,  Ohio,  position  of 140 

Lewes.  Del.,  position  of «i5 

LewLsimrt.  Ky..  {Nioition  of 162 

Lewistown,  Mo..  iH»sition  of Itkl 

Lexington.  S.  C,.  )^N)sition  of 150 

meridian  marks  at  151 

Libenil.  Mo.,  jMJsition  of I6>s 

Liebre  station.  California,  dewription  and 

IK)sition  of 216 

Lilley.  Ark.,  fMwition  of 174 

Lime  City.  <  )hio.  iM)sition  of 156 

Lime  station.  Alaska,  description  and  jM>si- 
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Little  Mountain  stati<m.  Ctah,  iMisition  of. .  200 

Littleton,  S.  C.,  jMwition  of 147 

Lockhart  Junction,  S.  C,  (sfsition  of 14^ 

LockwiKKl,  Mo.,  iM)sition  of l(V,s 

Lodi  and  \V<s>ster  branch.  Baltimore  and 
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Logan.  Mo.,  position  of K.y 
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Ixjt^kout  Ktation.  New  York,  description  and 
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Lookout  Htation.  Washington,   description 

and  iMMiition  of aito 

L<M)miK  Htation,  New  York,  dencription  and 

(KMdtion  of 49 

Loreito.  Md.,  {Mxiition  of 66 

LouiMvlUe.  Evansville  and  8t.  Louia  Rail- 

n tad,  positions  along 162 

LouiHville.  Henderson  and  St.  Louis  Rail- 
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Loveland,  Ohio,  position  of 152 

Lowell  station,  Maine,  description  and  poci- 

tionof 20 

Luana,  Iowa,  position  of 165 

Lucinda  station,  Pennsylvania,  description 

and  position  of 89 

Lunda,  Ohio,  position  of 158 

Luray,  Mo.,  jtosition  of 167 

Lyell  station.  California,  description  and 

p^tsition  of 210-211 

Lylesford.  S.  C,  p<j«ition  of 147 

Lytle,  Blair  and  Huntingdon  counties.  Pa.. 

description   of  station  on   Tussey 
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McCall  station,  Pennsylvania,  description 

and  potiitiou  of 96 

McCleary  Htati<m,   Pennsylvania,   descrip- 
tion and  position  of 120 

McCoy  station,  Pennsylvania,  description 

and  position  of 80 

McDonald  station.  Pennsylvania,  descrip- 
tion and  position  of 114 

McDonough  station.  New  Y«)rk,  desi'ription 

and  position  of 56 

MaciMionia  station, Ohio,  i)osition  of 138 

McGregor,  Iowa,  position  of 165 

Mclntyrt^  station.   New  York,  description 

and  iHtsition  of 24 

McKeqzie  statiim,  New  York,  description 

and  {KNiition  of 25 
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and  jM isition  of 221 
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McNauKhton    station,    Pennsylvania,    de- 

s<*ription  and  position  of 84-85 

Mcpherson  station.  California,  description 

and  position  of 220-221 

Macy.  Mo.,  position  of 170 

Madeira,  Ohio,  position  of 152 

Madiwin  Mills,  Ohio,  position  <»f 158 

Ma'lison ville,  Ohio,  position  of 152 

Madrid.  N.Y..  i»osition  of 58 

Mahoning  and  Stark  counties,  Ohio,  posi- 
tion of  road  cn.)Nsing  county  line. . .      188 
Maine,  descripticm  and  (Mtsition  of  triangu- 

lalion  stations  in 18-22 

Maine  station.  New  York,  description  and 

iMxiiion  of 57 

Malone,  N.  Y..  position  of 59 

meridian  marksat 62 


Hwuui.  Ma.  i»altlon  af I'O 

Uantna.Obin,  piwltioncil 112 

MaKy  nalion.  New  York.  de>riipt[on  and 

podlion  ol m-i* 

Blaideu  Spring",  JM.,  [JCHlilon  of « 

Marion,  Md-.TioiJtioniit  -  66 

Marlon.  Ohio.  poillloH  of IM 

Mnrionilile.Mt).  pinAlonof I«9 

llirlbam.  Pa.,  podMpn  ot »* 

UHTKb  Peak  iMillon,  I'tah.  pontllon  ot 199 

MarHhall  mutton.  Pvnnar  I  >'*">■:  <1eiirripIioii 

andpoiltlDQci*      »i 

Martin  Mnthiii,  Uarylitnil.  <l(««Tlpi<on  and 

poniliimiJ 123 

■MirydflJld..  position  nt H 

]IU7lalld,deKriplloniol  irlangiilHiionsla- 

IkinBln im-12» 

{•oKltloiunf  poinlain <3-«a,«6-66 

If  arj^and^De  awonstaW  llnv.  piMltion  of. .  63 

Marj«»llle,Ohio,jit«Hlonof iw 

meridUD  nurluat ICO 

Mttfenagpringii.X.'V.,  fioHitionof 6U 

MMril]on,Ohlo,T«Bllionol Hi 

MallHinlioonllH  nallon,  Maine,  dtwrlplloii 

mid  poslllon  ol W 

Uniillk  KMllon,  New  York,  deivrlptlon  and 

ltajnBnI.lowB.  position  <.t IM 

Nafwood.Un.  i«wlttonm 16S 

JJeidoTitadon.Teiaa.  d«ipri|iifon  «nd  posi- 
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Meilli^lneBultiiJtallou,  Wj-omins.  poslilnn 

or 1S5 

Medina.  Ohio,  iiudlliin  <>t  140 

Mellon  Btnilini,  rmiisyhnnls,  dewrlpiion 

annpisnioiiof     ss 

Mclvln.  Ohio.  iHvliion  o( ISS 

UvmpiilH,  Mil..  piKiikiii  of 167 

merlcUtiiTiuirkiat  172-1T3 

Meredith  iCiilloii.  Mew  Y'lrk,  dcwrlptlon 

■ndporitfonoil 44 

Heimitl,  Ohio.  jHwItlon  ol lU 

HiMr<.il.  K.r..  pwltbiiior MS 

MIkpn-lSU.  ItBh-Wj'UliilDK.pniilllnnoI..,  igt 

JIllFpCHt  Sih,  t'lah-WyomlnK,  puslliaii  nr...  19H 
Miller  naUon,  FrniuyTaiila,  dvM'ripilon 

nndposiilonof       9b 

Jlllli''boro,De'1.,piwllioi)i>f. fis- 

Millvme,-4rk..poriti..iinf 174 

llln(T(-H.  Ohio,  [<8lilon  o( in 

Ulillnnd,  Ohio,  position  <i( I,V> 

HlfflOurl.piiKlQ'JiKofpolnliin...  1S.MGT,  1614-17(1 

meridian  marku  in 171-173 

Mohawk  Htid  Mnlone  Railnny  (New  York 

Molrp.    ■     .                 'liii     ,Sh 

W.imll     ■:         ■  ■       ii'l      IBS 

UoDL.^.i.  Lm^lMIoU^.'  sriiiUm.  Ti'Xasde- 

Krip[iuuiiU(l("i«ltlono( iw 

llonnna  descitption  of  nerandar]'  irtiingn- 

ladoDMatloiuIn         l)<7-li>9 

pOiJtlOIUOf'IDillMlWAti^nrarBllIIe.  lW-19i 
VonlMllo  ilallDn,  Catlfnmia.  dewripllon 

nndpii«niono(    lis 

VonticvllO  BlaTlnn,  Sevi  Y'ork,  dewtiplion 

and  poailiun  ot 39 
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Monnment  itatfcni,  Alaaks,  dearriplion  and 

Uooilr  itatlOD,  Nev  Y'ork,  dewripdnn  and 

podHonot 31 

Moore  nahon,  Fennsjlvania,  de«eriptloa 

and  poeilion  of 98 

Moose  Peak  lUtlon,  Sew  York,  dencriplion 

and  position  of ■» 

Morgan,  Uhio.  position  ol ISt 

Morley  Hlation,  Fenniylvanla,  descrlplion 

and  poslllon  of lOK-lW 

Morral.  Ohio,  ptwlllon  n[ la 

MorrlB  stailon.  New  York,  dewrtplloa  and 

portUonof S3-84 

MoniH  Kiatlun,  K-nnfiylvaala.  deacrlptlun 

imrtjiositlorio/,     110-111 

MunimcrOliki,  iwBltloniil IB 

MOKley  Blflliot],  Ttxai,  deacripllon  and  i-)- 

(dtioDot  lie-IM 

Moultrie.  Olihj,  T«riiloQ  of 1» 

Mount  rli'nwintJilBtloil,  Ohio,  dewrlptlun 

and  iMMiiion  of 19 

Monnt  Rti-rtlnK.  Ohio,  pudiion  of IfiS 

MucnMcr  niatlon.  Texan,  dewrlptlun  and 

pOHilinnoI 1X1 

Murray  Htation,  Idaho,  desrripiion  and  po- 

Kitionoi - aoa-an 

Myen  RlaHun,  New  York,  description  and 

position  ol (I 

Uyeni  itallon,  Ohio,  detcrlpllon  and  poal- 

llonof IB 

Myers  nation.  Pennsylvania,  dewrlpllon 

and  positlrm  of 92-B 

^. 

Namau.  Del.,  poxltion  of <B 

Nntuml  Rock  siatloii.  Alaska,  dexsrlptton 

aiid  poaltlnn  of 2l4-m 

NeboAHtion.  I'tah,  podtlonol 19> 

New  AlexRDdpr  statton  Ohio,  denerlptioii 

andimlilDnof im-ili 

St)w-iirk.Md.,puiillInnol « 

New  Berlin.  Ohio.  poHltInn  of m 

Newbem,  S.  C,  position  o( IM 

New  York,  dcsrrlpHons  of  IrlaDKulatlon 

siatloiis  in 22-S7 

ptwillon  of  pulnisln SS-BI 

meridian  ioaik«lu 61-« 

New  York  and  Ottawa  Rnilwaj',  positions 

New  York  PUladelphiaand  Norfolk  Rail- 
road. poalllciiM  ainlut (B 

Nlclio1iiJimct1oii,lIiMDurl,podtlonof ....     Ut  . 
Noloflatlon  I>enniflTaii  la,  deacripllon  and 

iKwiadnot       a 

Nunie  district,  AluJll,  descrlplion  ol  trl- 

iiugiitalloniMiiuna  a 224-m 

North  Bnnoslatlon  L"l«h,TW«Hlonof IVF 

NorthCarcrliaa.pcslEjDniof  potoUiti....  U3-146 

XonhFlQfllaj  Oalo.DOslTlonof     IW 

North  MeUre^r,  Iowa,  poalTlcinOil IB 

Korlh  Woodvllle  scatjon.  Ualnii,  deacrlp- . 

lion  and  pOHlllonof             31 

Norwlrh.  X.  Y.,  meridian  inaTlu  at <l 

Norwood.  N.  v.,  poaltlonol H 


O.  P»«:b. 

Oak  natlnn,  r?niii>}'lTBnU.  dnrrlpUoD  haH 

p.»IU<.n  ol VM 

0«lwHn.  IiiwB,  pnrttlon  iif IM 

CWd..™l.iir([,  X.  v..  i«rttl..n  of M 

OtttlennbiirB  ami  LnkeChHrnpliiln  tUilvay. 

Oblo.  cIcwrlpKoiu  •>[  Iriiniculiillnll  ■UdnTU 

ill ]2»-is; 

ponlll.inH  iif  iioinfln IST-IM.  lU-lW 

mcrirHBiunarmln !Sfr-161.!ti^l« 

OlenliiDKy  Olilo.  poritliinol IM 

Oiurh   rlalion,    Wublntnoii.   dnrriptton 

«ti<t  iJiiirttionof     20S 

Omahit.  Kiiniw]<'lly  knit  Qiilnry  IUiln«<l. 

poditioai  ■IciiKt    i«*-"6« 

Omilultu,  Ark.,  iHisltluii vf 1^1 

Onual  ^biiol  KonlhOirollni.  pnaliloaof..     1K> 

Ounnljora!,  11lil'i,pO!ilaooof 1« 

fuwPBo,  ilo.,  pudlionol    1^ 

OMtro  fUtlon.  New  York,  dninlptton  ■nd 

ponlUon  <•[ W 

Ovprtc.n,  Olilapidiloaol 1« 

Oivruin  niiilon.  t^^muorlruiU,  <)arilplliM) 
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ECONOMIC  GEOLOGY  OF  THE  SILVERTON  QUAD 

RANGLE,  COLORADO. 


Bv  V.  L.  Ransome. 


PART  I.  GENERAL  DESCRIPTION  AND  DISCUSSION  OF  THE  ORE  DEPOSITS. 

INTRODUCTION  AND  ACKNOWLEDGMENTS. 

The  field  work  upon  which  this  report  is  base<l  occupied  the  season 
of  1899  from  the  beginning  of  July  to  the  middle  of  October.  During 
that  summer  nearly  all  of  the  area  was  examined  and  most  of  the 
mines  and  prospects  were  visited. 

The  work  was  resumed  in  the  autumn  of  1900,  with  Mr.  Alfred  M. 
Rock  as  assistant,  a  period  of  six  weeks  in  August,  September,  and 
Octol>er  being  devoted  to  those  portions  of  the  quadrangle  that  had 
not  been  thoroughly  studied  in  the  preceding  j-ear  and  to  an  investi- 
gation of  such  mining  developments  as  had  been  effected  during  the 
winter. 

It  was  at  one  time  hoi)ed  that  the  report  of  Mr.  Whitman  Cross,  of 
this  Survey,  on  the  general  geology  of  the  Silverton  quadrangle,  form- 
ing the  Silverton  folio  of  the  Geologic  Atlas  of  the  United  States, 
might  be  published  in  advance  of  this  investigation  of  the  economic 
resources  of  the  district,  but  owing  to  various  causes  his  field  work  is 
not  yet  finished.  I  am  therefore  unable  to  use  or  to  cite  his  results 
in  their  entirety,  or  to  reproduce  his  geological  map  as  an  adjunct  to 
this  report.  This  is  to  be  regretted,  as  both  a  thoroughly  satisfactory 
treatm<»nt  and  a  i)roper  understanding  of  the  ore  deposits  require  a 
knowledge  of  the  geological  relationships  of  the  rocks  in  which  they 
lie.  This  want  has  b<*en  partly  supplied  by  a  brief  preliminary 
sketch  of  the  geology,  kindly  furnished  by  Mr.  Cross.  This  is  neces- 
sarily an  imperf<M*t  outline*,  to  be  later  replaced  by  his  final  results. 
To  Mr.  Cross  I  owo,  also,  the  privilege  of  publishing  a  preliminary 
geological  map  (Pis.  IV,  V)  of  a  portion  of  the  area.     This  map  is  based 

upon  field  work  done  by  himself  and  his  assistants.     The  geological 
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boundaries  shown  are  not  final  and  will  undoubtedly  be  somewhat 
changed  when  the  field  work  in  this  region  is  completed. 

To  Mr.  S.  F.  Emmons,  geologist  in  charge  of  the  investigation  of 
metalliferous  deposits,  mj'  thanks  are  due  for  various  helpful  sugges- 
tions and  criticisms  and  for  access  to  his  unpublished  notes  on  the 
Yankee  Girl  and  Guston  mines. 

The  descnptions  of  the  abandoned  mines  of  the  Red  Mountain  dis- 
trict would  be  far  more  imperfect  than  they  are  were  it  not  for  much 
information  courteously  supplied  by  Mr.  Bedford  McNeill,  of  London, 
liquidator  of  the  New  Guston  Company;  Mr.  T.  E.  Schwarz,  of  Den- 
ver, and  Mr.  Otto  J.  Schulz,  of  St.  Louis,  trustee  of  the  Genesee- 
Vanderbilt  mines. 

To  the  mining  men  of  the  region  I  am  indebted  for  much  cordial 
assistance  and  for  courtesies  which  have  many  times  been  recalled 
with  pleasure. 

GEOGRAPHICAL  POSITION. 

The  Silverton  quadrangle,  embracing  one-sixteenth  of  a  square 
degree  of  the  earth's  surface,  lies  between  the  meridians  107°  30'  and 
107°  45'  west  longitude  and  the  parallels  37°  45'  and  38°  00'  north  lati- 
tude. On  the  west  it  adjoins  the  Telluride  quadrangle  and  on  the 
south  the  Needle  Mountain  quadrangle.  Its  area  is  approximately 
235.3  square  miles.  It  lies  in  southwestern  Colorado,  in  the  highest 
and  most  rugged  portion  of  the  San  Juan  Mountains,  including  a 
part  of  the  continental  divide.  There  are  comprised  within  its  bound- 
aries the  headwatei's  of  the  Animas  River  and  portions  of  the  head- 
waters of  the  Rio  Grande,  Gunnison,  Uncompahgre,  and  San  Miguel 
rivers.  The  principal  settlement  is  Silverton,  a  town  of  about  900 
inhabitants.  The  position  of  the  Silverton  quadrangle  with  reference 
to  the  adjacent  map  units  of  the  Geological  Survey  is  shown  in  the 
index  niai),  PI.  II. 

LITERATURE. 

Tlio  published  literature  relating  to  that  portion  of  the  San  Juan 
Mountains  included  within  the  Silverton  quadrangle  is  not  voluminous. 
It  is  chieHy  comprised  v\  the  official  reports  of  the  members  of  the 
IlaydtMi  survey,  who  visited  the  region  in  1874,  1875,  and  1876;  in 
descrii)tive  notes  of  various  travelers  tlirough  the  San  Juan;  in  scat- 
tered descriptions  of  mines  and  minerals  occurring  in  the  district, 
and  in  references  to  the  history  of  mining  development  found  in  the 
more  general  works  on  Colorado  and  its  resources.  The  following 
bibliography  includes  most  of  the  important  publications  concerning 
the  Silverton  region.  The  data  contained  in  them  have  been  f reel}' 
used  in  the  preparation  of  the  following  historical  sketch,  for  the 
purpose  of  supplementing  information  obtained  at  first  hand  from 
those  who  actually  participated  in  the  development  of  the  district. 
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CoMSTOCK,  T.  13.     The  distribution  of  Saii  Juan  County  oi^es:  Eng. 
and  Min.  Jour.,  Vols.  XXXVIII  and  XXXIX,  1884-85. 
A  series  of  brief  papers. 
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HiLLEBRAND,  W.  F.     New  mineral    species    from    Colorado:    lUill. 

U.  S.  Geol.  Survey  No.  20,  1885,  pp.  100-107. 
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BURCHARD,  H.  C.     Report  of  the  Director  of  the  Mint  on  the  Produc- 
tion of  (Told  and  Silver  in  the  United  States,  1880-1884. 
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the  Silverton  quadrangle. 

Kimball,  James  P.     Report  of  the  Director  of  the  Mint  on  the  Pro- 
duction of  Gold  and  Silver  in  the  United  States,  1885-1888. 
Brief  notes  on  the  San  Juan  region,  chiefly  in  regard  to  production. 

Leech,  E.  O.     Report  of  the  Director  of  the  Mint  on  the  Production 
of  Gold  and  Silver  in  the  United  States,  1889-1892. 
Brief  notes  on  mines,  chiefly  in  regard  to  production. 

Roberts,  George  E.     Report  of  the  Director  of  the  Mint  on  the  Pro- 

d  action  of  Gold  and  Silver  in  the  United  States,  1897. 
Brief  notes  on  mines  and  production  of  region,  hy  counties. 

Lee,  11.  A.     Report  of  the  State  Bureau  of  Mines  for  1897;  Denver, 
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Van  Horn,   Frank  R.      Andesitic  rocks  near  Silverton,  Colorado: 
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HISTORICAL  SKETCH. 

Deeply  covered  with  snow  for  a  great  part  of  the  year,  and  stand- 
ing remote  from  lines  of  transjKjrtation  and  points  of  supply,  it  is  not 
surprising  that  the  rugged  San  Juan  Mountains  should,  until  a  com- 
paratively late  period,  have  discouraged  the  advance  of  prospectors 
into  their  lonely  ravines.  Prior  to  1800  the  area  now  included  in  the 
Silverton  quadrangle  had  been  visited  by  but  few  white  men,  and  at 
a  time  when  every  gulch  of  the  Sierra  Nevada  was  a  scene  of  pictur- 
&que  activity  the  Indian  and  the  mountain  sheep  were  as  j^et  undis- 
turbed in  their  possession  of  the  San  Juan.  But  no  natural  obstacles 
have  ever  long  withstood  the  restlessness  and  indomitable  persever- 
ance of  the  seekers  after  precious  metals.  In  1860  (according  to  some, 
1861)  a  large  party  of  miners,  under  the  leadership  of  John  Baker,^ 
penetrated  to  the  little  mountain-rimmed  "park"  where  the  town  of 
Silverton  now  stands.  They  had  hoped  to  find  profitable  gulch  min- 
ing, but,  overtaken  by  the  heavy  winter  snows  and  harassed  by  the 
Ute  Indians,  many  of  the  party  perished  miserably  and  tlie  remnant 
escaped  over  the  mountains  only  after  suffering  great  hardships.  For 
several  years  the  memory  of  this  unfortunate  expedition  seems  to  have 
discouraged  further  attempts  at  prospecting  in  the  neighborhood  of 
Bakers  Park.  It  was  not  until  the  early  seventies  that  reports  of  min- 
eral wealth  again  began  to  draw  the  more  adventurous  miners  into  the 
San  Juan  region.  Some  gold  was  early  obtained  by  washing  in  Arrafi- 
tra  Gulch,  and  this  led,  in  1870,  to  the  discovery  by  a  party  of  pros- 
pectors sent  out  by  Governor  Pile,  of  New  Mexico,  of  the  first  mine 
which  was  successfully  operated,  the  Little  Giant,  on  the  north  side 
of  Arrastra  Gulch.  ^  lliis  produced  a  gold  ore,  of  which  some  27  tons 
were  treated  in  arrastres,  yielding  $150  a  ton.  The  first  shipment  of 
ore  from  the  district  is  said  to  have  been  from  this  mine.  In  1872 
troops  were  sent  into  the  region  to  keep  out  the  miners,  as  their  pres- 
ence constituted  a  violation  of  the  treaty  of  1868,  by  which  the  Utes 
were  secured  in  sole  possession.  In  the  same  year  a  commission  was 
appoint-ed  by  C'ongress  to  negotiate  a  new  treaty  with  the  Indians  to 
reduce  the  extent  of  their  reservation.  The  Little  Giant  Company 
was  organized  in  Chicago  in  1872,  and  in  1873  the  arrastres  were 
replaced  by  an  amalgamating  mill  equipped  with  a  Dodge  crusher,  a 
ball  pulverizer,  and  five  stamps.  Power  was  furnishe<l  by  a  12-hor8e- 
power  engine.  The  mill  was  built  1,000  feet  below  the  mine  and  the 
ore  was  brought  down  on  the  fii*st  wire-rope  tramway  built  in  the 
region.  This  year  tlie  mine  produced  about  |5l2,000  out  of  a  total  of 
about  |5l5,(M)0  for  the  entire  region.     The  pay  shoot,  however,  began 


>  Accounts  differ  as  to  the  Christian  name  of  this  pioneer.  Thus  Bancroft  (History  of  Nevada, 
Colorado,  and  Wyoming,  San  Francisco,  1890,  p.  495)  refers  to  him  as  John  Baker;  T.  A.  Rickard, 
in  his  paper  on  The  Development  of  Colorado's  Mining  Industry  (Trans.  Am.  Inst.  Min.  Eug.^ 
Vol.  XXVI,  189(1).  gives  his  name  as  Jim  Baker;  while  Prank  HaJl,  in  his  History  of  Colorado, 
makes  him  Chitrles  Baker. 

*  According  to  Rickard,  opened  by  Miles  T.  Johnson  in  1H71. 
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to  diminish,  and  after  the  milling  of  a  few  hundred  tons  of  ore  mine 
and  mill  were  abandoned.  Several  lode,  had  by  this  time  been  opened 
in  the  region  and  some  small  amounts  of  rich  ore  had  been  taken  out, 
but  it  was  not  until  1874  that  the  main  rush  to  the  countrj'^  began.  In 
Septeml)er  of  the  previous  year  a  treaty,  known  as  the  Brunot  ti-eaty, 
had  been  drawn  up  with  the  Utes,  whereby  the  San  Juan  Mountains 
were  thrown  open  to  settlement.  The  ratification  of  this  treaty  by 
the  Senate  in  April,  1874,  was  followed  b}'  a  sudden  influx  of  miners, 
chiefly  from  the  northern  camps  of  Colorado,  but  including  also  a  few 
from  the  south,  and  some  even  from  the  far  West.  It  is  estimated 
that  about  2,000  men  came  into  the  district  during  the  summer  of  1874, 
and  Endlich  ^  reiwrts  that  more  than  this  number  of  lodes  were  then 
staked  out.^  At  that  time  La  Plata,  Hinsdale,  and  Rio  Grande  were 
the  only  counties  into  which  the  former  reservation  had  been  divided. 
The  chief  settlement  and  the  county  seat  of  La  Plata  County  was 
Howardsville;  but  in  the  autumn  of  1874  the  county  seat  was  moved 
to  Silverton,  then  a  growing  town  of  some  dozen  houses,  admirably 
situated  in  Bakers  Park.  The  nearest  post-ofliee  at  this  time  was  Del 
Norte,  about  125  miles  distant.  In  1876  San  Juan  County  was  formed 
from  a  portion  of  La  Plata  County,  with  Silverton  as  the  county  seat. 
At  this  time  the  town  is  said  to  have  had  a  population  of  about  500 
voters.  Ouray,  San  Miguel,  and  Dolores  counties  were  subsequently 
formed  by  legislative  enactment  from  the  territory  originally  included 
in  La  Plata  County. 

In  1874  real  mining  began,  principally  on  Hazelton  Mountain,  and 
several  hundred  tons  of  gray  copiKjr  and  galena  ore  were  taken  out 
from  the  Aspen,  Prospector,  Susquehanna,  and  neighboring  claims 
during  this  and  the  immediately  succeeding  years.  This  ore  was 
treated  chiefly  in  Greene  <fe  Go's,  smelter,  which  was  erected  just 
north  of  Silverton  in  1874,  but  which  was  not  successfully  blown  in 
until  the  following  year.  The  machinery  was  brought  in  on  burros 
from  Colorado  Springs,  then  the  terminus  of  the  Denver  and  Rio 
Grande  Railroad.  The  product  of  the  entire  quadrangle  for  1875  was 
about  1*35,000,  and  an  estimate  made  in  1877  places  the  total  product 
from  the  beginning  of  mining  to  the  close  of  187C  at  a  little  over 
81,000,000.  The  Greene  smelter  was  in  intermittent  operation  until 
1879,  and  was  the  first  successful  water-jacket  furnace  in  the  State. 
Its  daily  capacity  was  about  12  tons,  and  it  is  said  to  have  smelted 
nearly  $400,000  worth  of  silver-lead  bullion.  The  bullion  was  shipped 
by  pack  train  and  wagon  to  Pueblo.  The  cost  of  transporting  it  to 
the  railway  terminus  was  $60  per  ton  in  1870,  $56  per  ton  in  1877,  and 
$40  per  ton  in  1878.  The  average  price  for  treatment  was  not  fai* 
from  $100  lyev  ton.  During  the  seventies  the  chief  route  into  the 
Animas  mining  district  was  bv  the  trail  from  Del  Norte  on  the  Rio 


1 U.  S.  Geol.  and  Geog.  Surv.  Terr.,  Report  for  1876,  pp.  iaO-121. 

a  According  to  Bancroft,  "more  than  1,000  lodes  claimed/'    Loc.  cit.,  p.  60L 
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Grande,  by  way  of  Antelope  Park  and  Cunningham  Gulch.  Over  this 
route  the  first  ore  sold  from  the  Pride  of  the  West  mine,  in  Cunning- 
ham Gulch,  was  taken  out  in  1874.  It  was  not  until  1879  that  the 
wagon  road  from  Antelope  Park  was  completed  by  way  of  Stonj' 
Gulch,  and  ore  could  be  hauled  out  to  Del  Norte  by  teams  at  $30  a 
ton. 

The  founding  of  Lake  City,  about  the  year  1875,  and  the  establish- 
ment there  bj^  Crooke  &  Co.  of  a  smelting  plant,  afforded  a  market  for 
the  ores  of  the  northeastern  portion  of  the  quadrangle.  The  first  ore 
shipped  out  from  this  part  of  the  district  was  from  the  Mountain 
Queen  mine,  at  the  head  of  California  Gulch,  in  1877.  It  amounted 
to  370  tons,  and  contained  04  per  cent  of  lead  and  30  ounces  of  silver 
per  ton.  It  was  carried  by  pack  animals  to  the  end  of  the  road  at 
Rose's  cabin,  at  a  cost  of  $3  per  ton.  Crooke  &  Co.,  of  Lake  City,  and 
Mather  &  Geist,  of  Pueblo,  both  had  ore-bu3ing  agencies  in  Silverton 
in  1879.  During  this  year  about  500  tons  of  ore,  worth  about  $60,000, 
were  sent  to  the  Lake  City  smelter,  and  about  185  tons  went  to  Pueblo. 
The  value  of  the  latter  was  probably  about  |525,000. 

In  1879  a  road  was  completed  from  Silverton  up  Cement  Creek  to 
the  head  of  Poughkeepsie  Gulch,  where  prospecting  and  mining  was 
going  on  with  great  activity  on  the  Old  Lout,  Alabama,  Poughkeep- 
sie, Red  Roger,  Saxon,  Alaska,  Bonanza,  and  other  claims.  Chlori- 
nation  and  lixiviation  works  were  erected  at  Gladstone  about  this 
time,  to  treat  these  ores  by  the  Augustin  process.  Their  capacity 
was  about  6  tons  per  day. 

During  the  seventies  the  eastern  and  northeastern  portions  of  the 
quadrangle  were  actively  prospected,  and  nearly  every  lode  which  has 
subsequently  proved  valuable  was  then  located.  In  some  cases  pay- 
ing ore  was  taken  out  in  large  quantities,  as  from  the  North  Star  mine 
on  Sultan  Mountain  and  others  alread}^  referred  to.  But  this  activity 
was  in  great  part  feverish  and  unwholesome.  The  success  of  a  few 
encouraged  extravagance  in  the  incompetent,  and  opened  a  rich  field 
to  unscrupulous  and  dishonest  promoters.  Smelting  plants  and  mills 
were  erecteil  before  the  presence  of  ore  was  ascertained.  Reduction 
processes  were  installed  without  any  pains  having  been  taken  to 
ascertain  their  applicability  to  the  particular  ores  to  be  treated.  Thus 
in  1870  Animas  Forks  was  a  lively  town  of  some  30  houses  and  2 
mills,  and  in  1883  boasted  of  a  population  of  450.  But  there  was 
never  any  real  justification  for  its  existence.  Built  upon  liopes  never 
realized,  its  decline  was  almost  as  rapid  as  its  rise,  and  the  town  is 
now  ruined  and  desolate.  Its  principal  mill  was  put  up  in  1875  or 
1876  to  treat  ore  from  the  Red  Cloud  mine,  but  was  never  successful. 
The  Eclipse  smelter,  erecrted  by  James  Cherry  as  late  as  1880,  at  the 
mouth  of  Grouse  Gulch,  ostensibly  to  run  on  lead  ores  from  the 
Mountain  Queen  and  other  claims,  was  also  a  costly  failure.  The 
Bonanza  tunnel,  a  mile  and  a  half  west  of  the  town,  was  run  1,000 
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feet  at  the  extravagant  cost  of  15300,000  or  1400,000,  and  then  aban- 
doned. Around  Mineral  Point  probably  $2,000,000  or  $3,000,000  were 
squandered  in  mining  operations  which  resulted  in  no  permanent 
improvements  or  actual  development.  Numerous  similar  cases  might 
be  cited  from  this  region,  many  of  them  unfortunately  of  much  more 
recent  date.  Capital  thus  invested  serves  only  to  build  monuments 
of  failure,  folly,  and  dishonesty,  which  may  operate  to  delay  for  years 
such  development  and  improvement,  as  the  mineral  resources  of  a 
district  really  warrant. 

In  1881  the  remarkable  deposits  between  Red  Mountain  and  Iron- 
ton  were  discovered,  and  in  1882  and  1883  prospectors  swarmed  into 
this  new  field.  The  Yankee  Girl  oi'e  body  was  struck  in  1882,  and, 
with  the  Guston,  shipped  large  quantities  of  high-grade  silver  ore  for 
over  fourteen  yeai*s.  These  two  mines  alone  have  probably  produced 
at  least  $6,000,000  or  $7,000,000,  but  a  very  large  amount  of  capital 
has  been  vainly  expended  in  attempts  to  find  other  ore  bodies  in  the 
vicinity  equally  large  and  rich.  Nowhere  else  in  the  quadrangle  has 
mining  been  carried  on  so  extensively.  In  1888  the  railroad  was 
extended  from  Silvei*ton  to  Ironton,  greatly  facilitating  the  marketing 
of  the  ore.  Red  Mountain  and  Ironton  were  formerly'  thriving  min- 
ing towns  of  400  or  500  inhabitants,  and  the  activity  steadily  increased 
almost  up  to  1893,  when  the  fall  in  the  value  of  silver  and  the  ex- 
haustion of  the  phenomenally  rich  portions  of  the  ore  bodies  caused 
the  boom  to  collapse.  The  Yankee  Girl  and  Guston  mines  continued 
working  until  1896,  but  the  low  price  of  silver  and  the  increased 
expense  involved  in  deep  workings  and  in  handling  the  troublesome 
corrosive  watera  of  these  mines,  together  with  the  lower  grade  of  the 
ores  in  depth,  finally  compelled  them  too  to  shut  down.  From  that 
time  to  the  i)resent  Red  Mountain  and  Ironton  have  remained  prac- 
tically dead  camps. 

Previous  to  the  advent  of  the  railroad  in  Silverton,  ores  running  less 
than  $100  per  ton  could  seldom  be  handled  with  profit,  but  with  the 
completion  of  the  Silverton  branch  of  the  Denver  and  Rio  Grande 
narrow-gauge  railroad  in  July,  1882,  the  rate  of  transportation  on  low- 
grade  ores  was  much  reduced,  and  many  mines  Iiitherto  unavailable 
became  productive.  Freight  charges,  at  first  $16  per  ton  to  Denver 
or  Pueblo,  were  soon  dropped  to  $12,  at  which  high  figure  they  stood 
for  some  time.  Over  6,000  tons  of  ore  were  shipped  from  Silverton 
during  tlie  first  six  months  after  the  advent  of  the  railroad.  The 
Greene  smelter  had  some  years  previously  (about  1880)  come  into  the 
possession  of  the  New  York  and  San  Juan  Smelting  Company,  which  in 
1881  moved  the  Silverton  plant  to  Durango  and  in  1882  start.ed  the 
present  smelter  in  that  town.  In  Septeml)^r,  1887,  the  name  was 
changed  to  the  Durango  Smelting  Company,  which  operated  until 
April  1,  1888.  From  that  date  until  May  1,  1895,  business  was  carried 
on  under  the  name  of  the  San  Juan  Smelting  and  Mining  Company,  a 
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corporation  organized  through  the  consolidation  of  the  Durango  Smelt- 
ing Company  of  Durango,  and  the  Hazelton  Mountain  Mining  Com- 
pany, of  Silverton,  owners  of  the  Aspen  group  of  mines.  The  Martha 
Rose  smelter,  with  a  capacity  of  about  20  tons,  began  operations  in 
Silverton  in  1882,  but  aft^r  smelting  about  11  tons  of  bullion  shut 
down  and  was  never  successfully  reopened. 

The  year  1883  was  a  busy  one  in  Silverton,  and  the  population  of 
the  town  rose  to  over  1,500  inhabitants.  Sampling  works  had  pre- 
viously been  erected  by  E.  T.  Sweet  and  T.  B.  Comstock  So  Co.  Late 
in  the  season  a  third  plant  was  opened  by  Stoiber  Brothers.  The  Xorth 
Star  on  Suitan,  the  Belcher,  Aspen,  Gray  Eagle,  North  Star  on  Solo- 
mon, the  Green  Mountain,  as  well  as  the  Red  Mountain  mines,  were 
all  actively  producing,  while  great  strikes  were  announced  in  the  Ben 
Franklin  and  Sampson  mines.  The  Silver  Lake  mine  also  came  into 
prominence  and  shipped  that  year  72  tons  of  ore  to  Sweet's  sampling 
works. 

It  was  not  until  about  1890  that  any  i*eal  attempt  was  made  to  con- 
centrate low-grade  ores.  The  credit  of  thus  initiating  a  procedure 
upon  which  largely  depends  the  future  of  the  whole  district  must  be 
divided  between  J.  II.  Terry,  of  the  Sunnyside  mine,  and  E.  G.  Stoi- 
ber, of  the  Silver  Lake  mine.  Both  men  have  been  successful,  and 
Mr.  Stoiber  in  particular  has  shown  how  low-gra<le  veins  may  be 
worked  successfully  on  a  large  scale  with  a  modern  plant.  About  this 
time  the  North  Star  mine,  on  Sultan  Mountain,  put  up  the  present  mill, 
run  by  water  power,  and  in  1894  Thomas  Walsh  and  others  erected 
the  matte  smelt^^r  just  west  of  Silverton.  Walsh  ti'eated  by  the  Aus- 
tin process  the  lower-grade  Guston  ore,  and  bought  siliceous  ores 
wherever  he  could  obtain  them.  This  smelter  ran  pretty  steadily  for 
three  years  and  finally  shut  down.  Its  capacity  was  about  100  tons 
of  ore  a  day  for  ten  months  in  the  year.  In  all,  about  100,000  tons  of 
low-grade  siliceous  and  i)yritiferous  ores  were  treated.  There  was  no 
further  attempt  made  to  smelt  ores  in  Silverton  until  the  construction 
in  1900  of  the  pyritic  smelter,  near  the  mouth  of  Cement  Creek.  The 
smeller  at  Durango,  which  was  leased  in  1895  by  the  Omaha  and 
Grant  Company,  and  which  on  May  1,  1899,  became  the  property  of 
the  American  Smelting  and  Refining  Company,  has  continued  to  han- 
dle the  bulk  of  the  ore  and  concentrates  from  the  Silverton  region. 

With  a  few  notable  exceptions  the  mines  of  the  Silverton  qimdrangle 
produce  ores  in  which  silver  and  lead  are  the  predominant  metals. 
Naturally  the  rapid  decline  in  the  value  of  silver  in  1892  and  succeed- 
ing years  resulted  in  the  closing  of  many  mines  hitherto  productive, 
and  in  a  general  decrease  of  mining  activity.  At  the  present  time, 
however,  there  are  signs  of  a  favorable  reaction  and  a  marked  increase 
of  activity.  The  success  of  Messrs.  Stoiber  and  Terry  in  handling 
low-grade  ores  has  demonstrated  that  when  wasteful  and  inadequate 
metliods  are  replaced  by  modern  appliances  and  shrewd  management^ 


24 


ECONOMIC    GEOLOGY    OF    8ILVERT0N    QUADRANGLE,     [bull.  188. 


mines  carrying  abundant  low-grade  ore  may  be  made  profitable,  even 
witli  the  present  low  pric^  of  silver.  Probably,  as  in  the  past,  periods 
of  depression  will  sometimes  retard  mining  improvements.  Yet  it  is 
clear  that  the  resources  of  the  district  have  been  far  too  often  super- 
ficially, ignorantly,  or  wastefully  exploited.  Although  examples  of 
extravagance  are  still  not  hard  to  find,  there  is  now  a  more  gen- 
eral realization  of  the  distinction  between  such  wasteful  expenditure 
and  tlie  legitimate  and  often  large  outlay  that  makes  possible  the 
economical  working  of  known  low-grade  ore  bodies.  It  is  very  prob- 
able that  the  future  will  see  a  great  and  permanent  increase  in  the 
productive  development  of  such  large  and  persistent  ore  bodies  of  low 
average  grade.  The  decline  in  the  price  of  silver,  and  also  in  that  of 
lead  and  copper,  which  are  important  constituents  of  most  of  the  ores, 
has  greatly  reduced  the  margin  of  profit  and  rendered  economical 
working  imperative,  as  is  illustrated  in  the  following  table: 

Table  showing  the  average  annual  prices  of  silver ^  lead,  and  copper,  from  1880  to 

1899, 


Year. 


1880... 
1881  ... 
1882... 
1883. -- 
1884... 
1885... 
1886... 
1887... 
1888... 
1889... 


Silver. 

per  fine 

ounce. 


$1,145 

1.138 

1.136 

1.110 

1.113 

1.065 

.995 

.978 

.940 

.996 


Lead.      Copper, 
per  100        per 
pounds,   pound,  a 


Year. 


$5.08 
4.81 
4.91 
4.dS 
3.74 
3.94 
4.61 
4.50 

3.81 


$0,816 

1890 

.188 

1891 

.185 

1892 

.150 

1888 

.139 

1894 

.110 

1895 

.110 

1  1896 

.113 

1897 

.168 

1898 

.134 

1899 

Silver, 
per  fine 
ounce. 

Lead. 

per  100 

poundH. 

Copper, 
pound.a 

$1,060 

$4.35 

$0,156 

.  WJO 

4.33 

.128 

.874 

4.07 

.115 

.779 

4.10 

.108 

.634 

3.38 

.094 

.658 

3.24 

.107 

.674 

2.97 

.108 

.603 

3.60 

.112 

.588 

3.76 

.119 

.601 

4.44 

.177 

a  I^ke  Superior  ingot. 

• 

The  prices  of  silver  are  taken  from  the  annual  i-eports  of  the 
Director  of  the  Mint.  The  lead  and  copper  values  are  compiled  from 
tables  showing  monthly  prices  and  monthly  range  in  the  reports  on 
mineral  resources  issued  as  parts  of  the  annual  reports  of  the  Geolog- 
ical Survey. 

Although  the  first  mine  to  be  worked  in  the  district  was  a  gold  pro- 
ducer, yet  it  is  an  interesting  fact  that  foi'  many  years  prospecting 
was  practically  restricted  to  a  search  for  silver  and  lead  oi'es.  It  was 
apparently  owing  to  this  adherence  to  an  established  routine  that  the 
Una  and  Gertrude  claims  in  Imogene  Basin,  worked  twenty  years  ago 
for  silver  and  lead,  were  subsequently  abandoned,  with  no  knowledge 
of  the  remarkable  gold  ore  which  lay  close  alongside  the  argentiferous 
streak,  and  which  was  thrown  out  as  waste.  Masses  of  this  rich  ore 
were  discovered  by  Thomas  F.  Walsh  on  the  Camp  Bird  claim,  and 
subsequently  on  the  dump  of  the  old  workings  of  the  Una  and  Ger- 
trude, and  he  purchased  the  latter  in  1896  for  $10,000.     It  is  to-day 
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one  of  the  greatest  producing  mines  in  the  quadrangle,  and  certainly 
excels  all  others  in  the  average  richness  and  regularity  of  its  ore  bodies. 
Placer  mining  has  never  been  extensively  practiced  within  the 
Silverton  quadrangle.  In  former  yeare  a  little  washing  was  done  on 
the  east  side  of  California  Mountain,  in  Picayune  Gulch,  and  in 
Arrastra  Gulch,  but  there  are  no  extensive  deposits  of  auriferous 
gravels  in  the  district,  and  the  total  output  from  placer  mining  is 
probabl}'  insignificant. 

PRODUCTION. 

« 

Accurate  figures  from  which  the  total  production  of  the  Silverton 
quadrangle  might  be  computed  are  not  available.  The  area  com- 
prises portions  of  several  counties,  and  has  shipped  ore  to  various 
smelters.  An  attempt  to  ascertain  and  combine  the  products  of  the 
individual  mines  within  the  quadrangle  has  l)een  only  partially  suc- 
cessful. In  the  case  of  some  abandoned  mines  no  i-ecords  can  be 
found,  and  in  two  instances  requests  to  the  owners  of  active  mines 
for  confidential  statements  of  total  output  have  met  with  no  satisfac- 
tory response;  but  by  combining  actual  figures  with  individual  esti- 
mates it  appears  that  the  total  production  of  the  Silverton  quadrangle 
from  the  beginning  of  mining  activity  to  the  close  of  1900  has  been  at 
least  t;35,000,000.  The  greater  part  of  this  has  undoubtedly  been  in 
silver,  but  during  recent  years,  largely  owing  to  the  activity  of  the 
Camp  Bird,  Tomboy,  and  Gold  King  mines,  and  to  the  lower  price  of 
silver,  the  value  of  the  gold  output  has  predominated. 

CLIMATE. 

The  climate  of  the  Silverton  quadrangle  is,  in  general,  somewhat 
rigorous.  Meteorological  records  are  lacking  for  this  elevated  region, 
and  no  accurate  data  can  be  given  in  regard  to  temperature  and  pre- 
cipitation. The  winters  are  long,  the  snowfall  is  heavy,  and  the  tem- 
perature sometimes  falls  to  2(f  to  30°  below  zero.  The  first  heavy 
snow  usually  arrives  late  in  October,  but  heavy  falls  are  not  unknown 
in  September.  This  early  storm  may  be  followed  by  fine  weather, 
lasting  well  into  December.  In  midwinter  snowshoes  afford  the  only 
means  of  communication  over  most  of  the  higher  roads  and  trails. 
Snowslides  are  frequent  and  dangerous,  and  a  winter  seldom  passes 
without  loss  of  life  and  property  from  this  cause.  It  is  often  late  in 
June  before  the  snow  has  disappeared  from  the  higher  trails,  and  on 
northern  slopes,  sheltered  from  the  sun,  patches  frequently  linger 
until  long  after  midsummer.  The  periwl  extending  from  the  begin- 
ning of  July  to  the  middle  of  August  is  referred  to  by  the  inhabitants 
as  the  ''rain^'  season."  During  this  period  in  normal  years  showers 
are  of  almost  daily  occurrence,  usually  coming  up  early  in  the  after- 
noon and  lasting  for  an  hour  or  more.  It  is  during  this  season  that 
the  wild  flowers  in  the  upland  basins,  notably  many  species  of  gentians 
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and  a  magnificent  lilac-colored  columbine  (AquUegia  Cfertdea)  attain 
the  height  of  their  luxuriant  beauty.  The  temperature  at  this  time 
18  cliangeable.  The  transformation  from  balm^'  air,  genial  sunshine, 
and  humming  insects  to  cold  winds,  dark  clouds,  and  chilling  rains 
is  by  no  means  uncommon,  and  may  take  place  in  an  hour.  The 
mcmth  of  Sept<*mber  is  usually  delightful.  The  rainy  season  has 
passed,  and  towanl  the  end  of  this  month  the  aspens  assume  their 
yellow  and  orange  autumnal  coloring,  enlivening  and  softening  for  a 
brief  perio<l  a  landscape  in  which  bleak  grandeur  is  the  rather  too 
dominant  element. 

VEGETATION. 

Most  of  the  slopes,  up  to  a  timber  line  varying  from  11,000  to  11,500 
feet,  are  covered  with  firs,  spruces,  and  aspens,  the  last  flourishing 
particularly  on  the  southern  exposures  and  on  the  talus  slopes. 
Although  unsuitable  for  good  sawn  lumber,  the  firs  and  spruces  fur- 
nish round  timl)er  of  sufficient  size  and  strength  for  ordinary  timl>er- 
ing  in  the  mines.  The  basins,  being  mostly  above  11,500  feet,  are 
treeless,  but  are  covered  in  summer  with  a  luxuriant  growth  of  grass 
and  flowers. 

TOPOGRAPHY. 

For  more  (complete  accounts  of  the  topograph}'  of  the  region  the 
read(»r  is  referred  to  the  general  geological  text  of  the  forthcoming  Sil- 
vertoii  folio.  The  pi^esent  sketch  is  confined  to  such  considerations 
of  topographic  form  as  an^  necessary  to  enable  the  reader  to  fully 
understand  the  modes  of  iKJCurrence  of  the  ore  bodies  and  the  condi- 
tions governing  their  exploitation. 

The  lowest  point  within  the  quadrangle  is  found  on  its  northern 
edge  in  the  canyon  of  the  Uneompahgre,  whei"e  the  contiours  (PI.  IV) 
show  an  elevation  of  somewhat  over  8,100  feet.  The  highest  point  is 
Handles  Peak,  on  the  extreme  eastern  edge  of  the  area,  with  an  alti- 
tude of  14,(K)8feet.  Between  these  extremes  the  region  exhibits  such 
abrupt  and  fi-equent  variations  in  relief  as  to  constitute  a  topography 
of  the  most  rugged  character.  This  assemblage  of  sharp  peaks,  jagged 
ridges,  steep- walled  basins,  and  deep  canyons  is  the  result  of  vigorous 
erosion,  acting  for  the  most  part  on  nearly  horizontal  volcanic  rocks. 
The  present  drainage  system  is  appai-ently  irregular  or  autogenous — 
that  is,  uncontrolled  to  any  recognizable  degree  b}-  regular  structure 
in  tli(»  rocks — and  was  undoubtedly  established  in  essentially  its  pres- 
ent form  prior  to  the  epoch  of  glaciation.  Of  the  character  of  the 
initial  land  surface,  upon  which  the  present  streams  b*»gan  their  work, 
we  know  very  little.  We  may  assume,  with  some  degree  of  probability, 
that  it  was  the  surface  of  a  l)road,  dome-like  elevation  extending 
beyond  tlie  bounds  of  tlie  quadrangle,  which,  after  its  original  struc- 
tural doming,  had  been  retluced  by  erosion  to  an  irregular  plateau 
near  tli<»  end  of  the  Cretaceous.     This  was  buried  to  a  depth  of  several 
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thousand  feet  by  volcanic  accumulations  in  Tertiary  times,  and  has 
been  complicated  by  faultini?  and  minor  oscillations.  No  recognized 
trace  of  this  surface  remains.  The  topographj^  as  we  know  it  to-day, 
is  the  product  of  stream  erosion,  modified  by  glaciation  and  the  jwwer- 
ful  disintegrating  action  of  frost  at  these  high  altitudes.  It  is  essen- 
tial in  all  discussions  relative  to  the  lodes  to  keep  in  mind  the  fact 
that  the  entire  topograpliy  is  due  to  erosion,  and  that  the  highest 
peaks  are  but  residuals  which  owe  their  relative  height  to  the  resistant 
materials  of  which  they  are  composed,  or  to  their  distance  from  the 
main  streams,  but  in  no  sense  to  direct  and  local  elevations. 

With  the  exception  of  Bakers  Park,  Ironton  Park,  and  perhaps  the 
gently  sloping  bit  of  upland  at  the  head  of  Henson  Creek,  commonly 
known  as  American  Flats,  no  considerable  areas  of  approximately 
level  land  occur  within  the  quadrangle.  The  mountains  rise  in  steep 
slopes,  or  in  inaccessible  cliffs,  often  from  3,000  to  4,(KK)  feet  in  height 
fi'om  the  bottoms  of  the  main  canyons.  The  smaller  streams  descend 
these  pi*ecipitous  declivities  in  successions  of  waterfalls,  or  occupy 
small  ravines  or  gulches  of  high  gradient,  such  as  Niagara  Gulch  near 
Eureka,  Porcupine  Gulch,  or  the  gulches  northwest  of  Howardsville. 
The  larger  tributaries  have  frequently  excavated  long  canyons  of 
moderate  gradient,  such  as  Cunningham  and  Poughkeepsie  gulches, 
but  in  these  there  is  nearly  always  a  point  near  the  headwaters  where 
a  moderate  gradient  is  succeeded  by  a  much  steeper  one.  Most  of  the 
streams,  large  and  small,  head  in  cirques,  or  "l:asins"as  they  are 
locally  termed,  which  often  contain  one  or  more  lakelets.  These 
basins  fonn  a  very  characteristic  feature  of  the  topography,  and  their 
general  shape  and  character  are  admirably  illustrated  bj'  the  amphi- 
theaters just  north  of  Sultan  and  Bear  peaks  (PI.  V). 

The  rock  floors  of  these  basins,  oft/cn  of  somewhat  hummocky  char- 
acter, generally  slope  upward  on  three  sides  and  pass  beneath  the 
talus  or  ''  slide  rock,"  with  which  they  are  always  partly  filled.  Alwve 
the  talus  and  inclosing  the  basin  on  three  sides  are  usually  more  or 
less  precipitous  cliffs,  from  which  have  fallen  the  fragments  making  up 
the  talus  at  their  base.  As  may  be  seen  from  the  maps,  these  cliffs 
are  merely  the  sides  of  narrow  ridges,  surmounted  by  peaks  and  inter- 
sected by  cols  or  saddles  which  sei)arate  adjacent  basins.  The  talus 
frequently  extends  up  to  a  saddle,  and  it  is  then  possible  to  pass  from 
one  basin  to  another  over  the  divide.  At  their  lower  ends  the  basins 
are  usually  terminated  by  a  precipitous  descent  to  a  gulch  or  to  a 
second  basin  at  the  lower  level.  This  relation  is  well  shown  in  the 
case  of  Silver  Lake  Basin  and  Arrastra  Gulch.  When  the  connecting 
gulch  is  ver}^  short  and  steep,  as  Niagara  Gulch,  the  basins  have  the 
form  of  hanging  valleys.  The  talus  that  always  lies  against  the  cliffs 
and  slopes  rimming  the  basins  represents  in  some  cases  the  gradual 
accumulation  of  comparatively  small  fragments,  such  as  may  fre- 
quently be  heard  rattling  down  the  cliffs  during  the  spring  and  sum- 


28  ECONOMIC   GEOLOGY   OF   8ILVERT0N    QUADRANGLE,    [bull.!®. 

mer.  But  in  many  instances  it  is  plainly  the  result  of  one  or  more 
rock  slides  of  some  magnitude,  by  which  large  masses  of  the  cliff  have 
fallen  and  slid  out  onto  the  floor  of  the  basin. 

The  lakelets  lying  in  these  basins  or  amphitheaters  are  usually  rock- 
rimmed  and  oft<en  of  considerable  depth.  The  existence  of  the  lakes 
depends  merely  upon  the  characteristic  form  of  the  main  basins  or 
€irques  in  which  they  lie.  This  form  is  immediately  due  to  the  erod- 
ing action  of  local  glaciers  which  once  occupied  the  basins.  The  out- 
let of  Silver  Lake  flows  over  a  sheet  of  hard,  massive  andesite,  whose 
surface  has  been  rounded  and  scored  by  the  ice.  The  lake  basin  itself 
has  been  excavate,  however,  in  softer,  more  readily  erodible  volcanic 
breccias.  Ordinary  erosion  by  running  water  would  have  been  power- 
less to  excavate  such  a  basin  below  the  level  of  its  present  outlet. 
Ice  is  the  only  eroding  agent  that  could  produce  such  a  result. 

The  evolution  of  the  topography  has  undoubtedly  been  influenced 
to  some  extent  by  the  Assures  and  veins  that  are  so  abundant  in  this 
region.  But  it  is  difficult  or  impossible  to  reduce  their  effect  to  the 
form  of  a  simple  and  general  statement.  Mineralized  flssui'es  are 
frequently  lines  of  comparatively  easy  oxidation,  rapid  decomposi- 
tion, and  ready  erosion.  Thus  very  many  of  the  lodes  determine  the 
position  of  the  cols  or  saddles  in  the  ridges,  and  can  be  distinguished 
from  a  distance  by  the  yellowish  color  of  their  surface  detritus.  Yet 
this  is  by  no  means  universally  true.  It  often  happens  that  in  the 
present  stage  of  erosion  tlie  croppings  of  a  vein  traverse  an  even 
slope  or  cross  the  summit  of  a  high  peak.  As  an  example  of  the  last 
may  be  cited  the  important  Titusville  vein  where  it  crosses  Kendall 
Mountain.  It  is  plain  that  in  some  cases  the  fact  that  erosion  has 
resulted  in  cliffs  rather  than  steep  slopes  is  due  to  the  presence  of 
nearly  vertical  fissures.  A  system  of  such  fissures  running  nearly 
northeast  and  southwest  is  responsible  for  the  cliffs  which  separate 
♦Silver  Lake  Basin  from  Arrastra  Gulch. 

In  this  elevated  region  the  disintegrating  action  of  frost  and  the 
Active  erosion  far  outstrip  the  chemical  processes  of  decay  which  in 
mild  and  moist  climates  are  efficient  in  reducing  the  rocks  to  soil.  As 
a,  consequence  the  high  peaks  and  ridges  are  usually  composed  of  bare 
rock,  while  tlieir  lower  slopes  are  largely  made  up  of  talus  or  *' slide 
rock,"  as  it  is  locally  called.  This  talus  has  concealed  in  a  most 
effectual  manner  mu(?h  of  the  rock  once  scoured  clean  by  the  ice,  and 
has  restricted  most  of  the  prospecting  to  the  high  peaks  and  ridges 
where  the  veins  are  exposed. 

In  the  vicinity  of  Red  Mountain  and  Iron  ton  much  of  the  topog- 
raphy has  a  peculiar  hummocky  character,  which  is  the  result  of 
landslide  action.  This  feature  is  particularly  striking  on  the  northern 
and  western  flanks  of  Red  Mountain.  Several  of  the  Red  Mountain 
mines,  such  as  the  Yankee  Girl,  Genesee- Vanderbilt,  Gust<on,  Silver 
Bell,  Paymaster,  and  others,  are  in  this  landslide  area.     But  the  ore 
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bodies  of  these  mines  appear  to  be  in  place.  Apparently  the  land- 
slide action  is  rather  superficial,  and  the  siliceous  outcrops  of  the 
larger  ore  Ixxiies  have  remained  stationary,  while  the  fractured  and 
mineralized  rock  around  them  have  slid  in  considerable  masses  down 
the  slope.  Obviously  such  sliding  renders  superficial  prospecting  very 
unsatisfactory.  It  is  quite  possible  that  some  ore  bodies  have  been 
covered  by  landslide- material  and  entirely  concealed.  For  further 
account  and  discussion  of  landslide  areas  in  this  and  other  portions 
of  the  quadrangle  the  reader  is  referred  to  the  heading  "  Landslides'* 
(p.  37),  in  the  outline  of  geology  given  by  Mr.  Whitman  Cross. 

OUTLINE  OF  GEOLOGY. 
Bv  Whitman  Cross. 

SAN  JUAN  VOLCANIC   AREA. 

The  complex  of  volcanic  rocks  within  which  the  Silverton  quad- 
rangle is  situated  is  one  of  the  most  extensive  in  the  Rocky  Moun- 
tains. It  consists  of  a  series,  several  thousand  feet  in  thickness,  of 
tuffs,  agglomerates,  and  lava  flows.  The  more  or  less  distinctly  hor- 
izontal surface  volcanics  have  been  penetrated  by  later  stocks  of  vari- 
ous rocks,  ranging  in  composition  from  gabbro  almost  to  granite,  and 
by  numerous  small  dikes  of  a  considerable  variety  of  rocks.  The 
eruptions  began  with  the  Tertiary  and  continued  during  the  greater 
part  of  that  era. 

The  area  covered  at  the  present  time  by  these  volcanic  rocks  is  in 
general  well  shown  by  the  Hayden  map  of  Colorada.  The  main  peaks 
of  the  San  Juan  Mountains  are  situated  in  the  western  center  of  the 
area.  From  this  point  the  volcanic  series  extends  northward  across 
the  Gunnison  River  to  the  West  Elk  Mountains,  eastward  to  the  San 
Luis  Valley,  and  southeasterly  a  broad  arm  passes  a  considerable 
distance  into  New  Mexico. 

The  former  extent  of  tlie  San  Juan  volcanics  was  very  much  gi'eater 
than  at  present.  There  is  evidence  of  enormous  erosion,  which  was 
greatest  along  the  western  and  southern  sides,  and  it  appears  that 
very  possibly  the  high  mountains  of  the  Telluride  and  Silverton  quad- 
rangles are  near  what  was  the  center  of  the  volcanic  area  at  its  maxi- 
mum. Certainly  the  former  border  of  the  volcanic  pile  must  have 
been  located  many  miles  farther  west  and  south  than  at  present. 

The  Hayden  map  of  this  i^egion  is  only  of  general  value.  There  is 
great  complexity  within  the  area  of  surface  lavas  and  agglomerates, 
and  the  map  shows  in  part  quite  incoiTCctly  the  relations  of  sedimen- 
tary and  other  formations  on  the  borders  of  the  volcanic  rocks.  The 
resurvey  of  this  extensive  tract  has  not  progressed  sufficiently  to  per- 
mit tint  i>reparation  of  a  satisfactory  outline  of  San  Juan  geology.  In 
the  Telluride  folio,  however,  an  attempt  has  lieen  made  to  present 
the  results  of  the  more  recent  work  in  their  general  bearing. 
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From  the  western  front  of  the  San  Jiian  Mountains  one  looks  down 
upon  a  great  plateau  level  which  reaches  for  hundreds  of  miles  west- 
ward. This  level  is  nearly  2,000  feet  below  the  base  of  the  volcanic 
series.  The  isolated  mountains  which  modify  this  plat^eau  country  in 
the  zone  bordering  the  San  Juan  Mountains  are  in  all  cases  due  to 
igneous  intrusions  which  have  in  a  measure  protected  the  softer  sedi- 
mentary beds  from  erosion. 

The  removal  of  the  western  part  of  the  original  volcanic  complex 
has  revealed  a  complicated  structure  in  the  underlying  older  forma- 
tions, showing  that  the  general  center  of  volcanic  activity  has  also 
been  the  site  of  several  great  disturbances  in  earlier  geologic  times. 
About  a  center  not  yet  very  well  located,  because  covered  by  the 
remaining  volcanics,  the  sedimentary  formations  of  Paleozoic  and  Mes- 
ozoic  times  have  been  upturned  and  eroded  at  several  periods.  This 
structiire  is  well  shown  in  the  zone  bordering  the  present  western 
projection  of  the  San  Juan  Mountains  and  in  the  canyons  cutting 
through  the  volcanics. 

The  first  quadrangle  in  this  area  to  be  resurveyed  was  the  Telluride, 
lying  directly  west  of  the  Silverton.  The  main  western  front  of  the 
San  Juan  Mountains  traverses  this  quadrangle  from  north  to  south  in 
an  irregular  line,  and  the  fine  exposures  of  the  high  peaks  and  deep 
canyons  permit  a  clear  understanding  of  the  principal  elements  in  the 
mass  of  the  volcanic  series,  in  this  portion  of  the  area  at  least.  The 
sedimentary  formations  below  are  also  very  clearly  shown  in  the  Tel- 
luride quadrangle.  The  somewhat  detailed  text  of  the  Telluride  folio  * 
must  be  referred  to  for  much  general  information  which  is  applicable 
to  certain  parts  of  the  Silverton  quadrangle. 

GEOLOaY  OF  THE  SILVERTON  QUADRANGLE. 

Location  with  regard  to  the  volcanic  area, — The  Silverton  quadrangle 
lies  almost  wholly  within  the  volcanic  area,  but  two  streams,  belonging 
to  the  drainage  of  the  Colorado  River,  have  cut  through  the  volcanics 
and  disclosed  the  underlying  formations. 

On  the  north  the  Uncompahgre  River  with  its  tributaries.  Canyon 
Creek  and  Red  Creek,  reveal  the  Algonkian  quartzites  and  the  Paleo- 
zoic and  Mesozoic  formations  underneath  the  volcanics.  The  lower 
members  of  the  section  appear  in  the  Silverton  quadrangle.  From 
the  south  the  Animas  River  has  penetrated  far  into  the  quadrangle, 
and  below  Silverton  it  flows  in  a  canyon  excavated  below  the  volcan- 
ics. This  stream  has  cut  a  deep  gorge  through  the  Needle  Mountains, 
which  rise  immediately  south  of  the  Silverton  quadrangle  to  eleva- 
tions of  over  14:,  000  feet.  These  mountains  are  composed  very  largely 
of  Archean  and  Algonkian  rocks.  On  the  west  no  stream  has  eaten 
back  into  the  area  of  this  quadrangle  with  the  exception  of  the  two 

» Qeolojfic  Atlas  U.  S.,  folio  57, 1899. 
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short  tributaries  of  the  San  Miguel  heading  in  Ingram  and  Savage 
basins.  On  the  eastern  border  the  Lake  Fork  of  the  Gunnison  River 
has  exposed  a  mass  of  granite  which  is  entirely  surrounded  by  vol- 
canies,  but  as  its  boundaries  are  at  least  in  part  fault  lines,  it  is  pos- 
sible that  dislocations  on  these  planes  have  produced  this  out<;rop  by 
local  upthrust.  The  structures  observable  in  the  formations  beneath 
the  volcanics  show  the  Silverton  quadrangle  to  be  near  the  center  of 
an  area  of  rei>eated  orogenic  disturbance  in  Paleozoic  and  Mesozoic 
times.  Some  of  the  igneous  phenomena  seem  also  to  center  here,  but 
it  is  as  yet  premature  to  conclude  that  the  principal  center  of  the 
entire  volcanic  activity  was  in  this  vicinity.  There  may  have  been 
several  centers  of  eruption  whose  products  combined  to  form  the  great 
complex  known. 

All  of  the  principal  members  of  the  volcanic  series  thus  far  identi- 
fied are  exhibited  in  the  Silverton  quadrangle.  There  are  also  a 
number  of  intrusive  rocks,  most  of  them  having  been  previously 
observed  in  the  Telluride  quadrangle.  The  principal  elements  of  the 
igneous  complex  will  now  be  briefly  descril>ed. 

San  Juan  formation. — The  earliest  volcanic  formation  of  this  series 
revealed  to  the  present  time  has  been  termed  the  San  Juan  forma- 
tion. It  is  a  more  or  less  perfectly  stratified  series  of  tuffs  and 
agglomerates  of  andesitic  rocks,  no  lava  fiow^s  having  been  observed 
within  it.  The  character  of  the  San  Juan  tuff  and  agglomerate  in  its 
greatest  known  development  is  very  clearly  exhibited  on  either  side 
of  Canyon  Creek.  It  reaches  there  a  thickness  of  fully  2,500  feet 
(PI.  IV).  In  many  parts  the  San  Juan  seems  to  be  a  water-laid 
deposit,  so  fine  is  the  stratification.  The  agglomerates  are  more  or 
less  chaotic,  but  exhibit  distinct  stratification  when  seen  in  large 
exposui'es.  These  tuffs  and  agglomerates  are  also  exposed  in  typical 
development  in  the  mountain  group  southwest  of  Silverton,  of  which 
Sultan  Mountain  and  the  Grand  Turk  are  the  most  notable  summits. 
The  thickness  is  here,  however,  but  1,500  feet.  On  the  east  side  of 
the  Animas  the  San  Juan  tuffs  are  exposed  in  very  irregular  thick- 
ness on  the  slope  of  gneisses  and  granites  descending  from  the  Needle 
Mountains.  Apparently,  erosion  was  here  extremely  active  in  the 
period  succeeding  the  San  Juan  fragmental  eruptions. 

On  the  eastern  side  of  the  Uncompahgre  River  the  floor  upon  which 
the  San  Juan  rests  and  also  its  upper  surface  dip  rather  abruptly 
southward,  brin^-ing  the  succeeding  formation  abruptly  down  to  the 
level  of  the  river,  and  the  San  Juan  does  not  reappear  in  the  canyon- 
like valleys  of  the  streams  in  the  eaitern  portion  of  the  quadrangle. 
It  is  plain  that  in  the  entire  valley  of  the  Animas  from  Silverton  to 
Animas  Forks  the  volcanics  rest  upon  a  surface  much  lower  than  that 
which  constitutes  their  base  in  Sultan  Mountain.  Whether  this  fact 
is  due  to  an  original  depression  in  this  area  or  to  subsequent  sinking 
has  not  vet  been  determined. 
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Silvertori  series. — The  next  volcanic  series  after  the  San  Juan  was 
termed  the  ''Intermediate  aeries"  in  the  Telluride  folio.  It  was 
very  much  less  developed  there  than  either  the  San  Juan  below  or 
the  Potosi  series  above.  The  relations  exhibited  by  the  map  (PI.  IV) 
in  Potosi  I*eak  and  the  mountains  south  of  Canyon  Creek  are  typical 
of  what  was  observed  throughout  the  Telluride  quadrangle.  But,  as 
the  map  clearly  shows,  this  formation  increases  rapidly  in  thickness 
eastward  and  covers,  in  fact,  much  the  greater  part  of  the  Silverton 
quadrangle.  It  will  therefore  be  known  in  future  as  the  Silverton 
series,  the  undesirable  term  ''Intermediate"  being  discarded.  From 
a  thickness  of  300  or  4lK)  feet  in  Potosi  Peak  the  Silverton  series 
increases  to  4,000  or  5,000  feet  in  observed  thickness  near  the  center 
of  the  quadrangle.  This  series  is  a  complex  of  andesitic  flows  and 
tuflfs  alternating  with  rhyolitic  flows,  flow-breccia,  and  tuff.  In  the 
Telluride  quadrangle,  and  in  nost  places  in  the  Silverton,  its  lowest 
member  is  a  rhyolitic  flow  or  flow-breccia  of  peculiar  character.  This 
is  well  seen  in  I*otosi  Peak,  along  the  crest  of  the  range  west  of 
Mineral  Creek,  and  very  near  the  summit  of  Sultan  Mountain. 

The  relation  of  the  different  rocks  to  one  another  is  very  variable  in 
different  places.  Rhyolite  is  seldom  typical,  and  its  largest  masses 
are  reddish  flow-breccia — that  is  to  say,  lavas  of  rhyolitic  base  con- 
taining many  inclusions  of  both  fhyolite  and  andesite.  Very  seldom 
indeed  is  the  rhyolite  free  from  these  inclusions.  The  andesitic  por- 
tion of  the  series  consists  of  augite-  and  hornblende-andesites,  and  the 
relation  of  massive  rock  to  tuff  or  agglomerate  is  extremely  irregular. 
In  all  the  central  portion  of  the  quadrangle  the  Silverton  series 
api>ears  to  be  principally  composed  of  andesit'C,  either  fragmental  or 
in  flows.  But  in  the  Animas  Valley  the  lowest  exposed  member  of 
the  complex,  especially  along  the  eastern  side  from  Cunningham 
Gulch  upward,  is  a  rhyolitic  flow-breccia  of  reddish  or  almost  purplish 
color,  so  full  of  impurities  that  its  character  is  not  easily  recognized. 
It  appears  either  that  these  rhyolite  flows  were  considerably  eroded 
or  that  they  piled  up  in  quite  irregular  masses  at  eruption,  for  the 
surface  upon  which  the  succeeding  andesitic  rocks  rest  is  extremely 
irregular,  as  will  be  shown  by  the  final  geologic  map.  The  recurrence 
of  rhyolitic  material  at  various  horizons  within  the  series  may  be 
observed  at  many  points.  The  Silverton  series  consists,  then,  of  an 
irregular  alternation  of  two  quite  different  rocks,  erupted  doubtless 
from  different  centers.  They  are  grouped  as  one  series,  because  the 
complex  contrasts  as  a  whole  so  markedly  with  the  products  of  the 
San  Juan  epoch  below  them,  which  were  purely  andesitic  and  entirely 
fragmental  as  far  as  seen,  and  with  the  Potosi  series  above,  which  is 
almost  entirely  rhyolitic  in  character. 

Potosi  series, — The  uppermost  series  recognized  in  the  Telluride 
quadrangle  was  termed  the  Potosi  series  from  its  occurrence  in  maxi- 
mum development  in  the  peak  of  that  name,  situated  in  the  extreme 
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northwestern  corner  of  the  Silverton  quadrangle.  This  series  is  dis- 
tinguished as  marking  the  l)eginning  of  an  ej^och  of  almost  exclu- 
sively rhyolitie  eruptions.  For  a  time,  at  least,  eruptions  of  more 
basic  rocks  were  suspended.  In  Potosi  Peak  itself,  and,  indeed,  in 
the  Telluride  quadrangle,  so  far  as  this  series  was  observed,  the  floor 
upon  which  the  earliest  Potosi  lavas  were  outpoured  was  approxi- 
mately level.  Hut  either  the  great  dev(»lopment  of  the  Silverton 
series  to  the  east  or  other  causes  have  limited  the  distribution  of  th<» 
Potosi  in  this  first  observ(»d  simple  relation  to  the  other  volcanicfs. 
No  rhyolites  which  might  be  coi'related  with  the  Potosi  series  occur  to 
the  etist  in  the  Silverton  (jnadrangle  until  the  rugged  crest  of  the  con- 
tinental divide  is  reached.  Ih^re  several  summits,  like  Sheep  Moun- 
tain, show  light-colored,  fluidal  lavas  at  their  summits,  but  they  are 
not  sufficiently  like  the  Potosi  rhyolites,  as  known  to  the  westward, 
to  fully  justify  at  this  time  a  certain  correlation  between  them. 

The  rhyolitic  lavas  which  occur  in  the  higher  summits  of  the  north- 
eastern portion  of  the  cjuadrangle  seem  moi'c  nearly  related  to  the 
Potosi  type,  but  further  examination  in  the  mountains  of  the  Ouray 
quadrangle  is  necessary  to  show  the  true  relations  of  these  lavas  to 
those  of  the  Potosi  seri(»s. 

Stock  eruptions. — At  a  later  jM^riod  than  that  of  the  Potosi  rhyolite 
there  were  in  the  western  San  Juan  several  eruptions  of  magmas, 
differing  much  in  comi)osition,  and  now  seen  in  the  form  of  rather 
coarsely  crystalline  rocks  i)enetrating  the  whole  series  of  surfa<'«» 
volcanics  to  the  summits  of  the  highest  mountains. 

In  the  Telluride  ([uadrangle  a  series  of  these  large  sto<*ks  wen» 
observed,  in  Mount  Snetfels,  and  Stony  Mountain,  Ophir  Needles, 
Grizzly  l^eak,  and  Mount  Wilson,  all  of  whose  summits  are  in  thoe 
.stock  rocks.  There  an*  also  several  stocks  in  the  Silverton  quadrangh*, 
the  largest  Ix^ing  that  of  quartz-monzonite,  the  massive  rock  of  tin* 
mountains  immediately  southwest  of  Silverton.  This  stock  has  a 
very  irregular  outline.  It  extends  from  Copper  Gulch  on  the  west  to 
the  base  of  Kendall  Mountain  on  the  east,  and  the  site  of  Silverton 
is  eroded  out  of  this  mass.  The  northern  boundary  is  very  much 
concealed  by  talus  slopes.  The  evidence  that  this  stock  cuts  directly 
across  both  sedimentary  and  surface  volcanics  is  clearly  seen  in  the 
exposures  of  the  southern  contact,  on  Sultan  Mountain  and  Bear 
Peak.  Smaller  stocks  of  monzonit^  occur  also  in  the  lower  part  of 
Cunningham  and  Maggie  gulches.  A  more  basic  rock  of  gabbroitic 
character  appeal's  at  the  head  of  Ilenson  Creek,  where  it  is  crossed 
by  the  wagon  road  leading  to  the  divide. 

Other  intrvsire  rocks. — The  Silverton  quadrangle  is  notable  f<M- 
several  masses  of  a  peculiar  porphyry.  This  rock  occurs  in  several 
small  stocks;  one  of  them  forms  a  portion  of  the  summit  of  Red 
Mountain,  another  is  on  Round  Hill,  while  a  third  is  seen  at  the  head 
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of  Fullmoon  Gulch.  A  very  completely  decomposed  mass  of  what  is 
probably  the  same  rock  is  seen  on  the  north  side  of  Mill  Creek,  and 
still  another  occurs  t^  the  west  of  Mineral  Creek,  between  Mill  Creek 
and  the  Middle  Fork.  This  rock  is  characterized  by  large  crystals 
of  orthoclase  which  give  it  a  very  marked  porphyritic  structui*e.  A 
very  small  occurrence  of  the  same  rock  is  found  on  the  wagon  road  a 
short  distance  south  of  the  Yankee  Girl  mine,  and  another  in  the  knob 
north  of  the  National  Belle.  Intrusions  of  rhyolitic,  and  probably 
of  other  rocks,  are  known  in  the  surface  volcanics  of  the  northeastern 
part  of  the  quadrangle,  but  their  character  has  not  yet  been  definitely 
ascertained. 

A  sheet-like  mass  of  porphyry  occurs  at  the  eastern  base  of  Sultan 
Mountain.  It  has  been  intruded  in  quite  regular  manner  in  th(» 
shales  just  above  the  Ouray  limestone.  Several  other  masses  of 
porphyry,  more  or  less  distinctly  in  sheet  form,  with  a  few  dikes, 
occur  at  the  forks  of  Mineral  Creek  west  of  Silverton.  In  this 
vicinity  all  rocks  an^  so  extremely  decomposed  and  ai'e  so  extensively 
covered  with  glacial  and  other  superficial  material  that  the  outline  of 
the  bodies  is  very  difficult  of  determination. 

A  large  body  of  porphyry  of  rude  laccolithic  outline  occurs  on  the 
north  side  of  Canyon  Creek  on  the  north  boiHier  of  the  quadrangle. 
The  representation  of  this  mass  on  the  map  (PI.  IV)  is  provisional, 
for  the  topographic  map  of  this  region  was  revised  after  the  porphyry 
mass  had  been  examined.  This  mass  is  an  intrusion  in  the  Triassic 
beds  and  extends  for  some  distance  into  the  Ouray  quadrangle.  The 
cliffs  of*  this  mass  are  very  notable  as  seen  from  the  wagon  road  lead- 
ing up  Canyon  Creek.     The  rock  is  usually  very  much  decomposed. 

Formations  underlying  the  volcanics. — As  explained  above,  the 
volcanic  rocks  rest  upon  the  greatly  eroded  surface  of  many  older 
formations  which  have  been  repeatedly  elevated  and  eroded  at  this 
general  center,  producing  a  complex  domal  structure.  The  oldest 
formation  displayed  is  the  gneiss  and  schist  series,  in  which  the 
Animas  Canyon  is  eroded  for  several  miles,  beginning  about  one  mile 
below  Silverton.  The  rocks  of  this  section  have  not  yet  been  exam- 
ined in  detail,  but  will  be  studied  in  connection  with  the  Needle 
Mountains  quadrangle. 

Associated  with  these  gneisses  and  schists  in  the  Needle  Moun- 
tains is  a  series  of  quartzites  and  slates  several  thousand  feet  in 
thickness.  These  rocks  cross  the  Animas  a  few  miles  south  of  the 
Silveiton  (luadrangle  line.  A  similar  section  is  displayed  in  the 
picturesque  canyon  of  the  Uncompahgre  from  tie  north  base  of 
Abrams  Mountain  to  Ouray.  Here,  too,  there  are  some  thousands 
of  feet  exposed,  but  neither  the  top  nor  bottom  of  the  quartzite  series 
is  shown.  On  the  south  the  earliest  Paleozoic  beds  or  the  volcanic 
tuffs  cover  the  quartzites  and  schists  unconformably.  On  the  north 
the  Ouray  limestone  rests  upon  their  upturned  edges.     This  great 
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series  of  old  quartzites  and  slates  has  been  assigned  to  the  Algonkian 
period,  chiefly  from  their  lack  of  fossils,  and  because  they  may  be 
thus  plausibly  correlated  with  the  Algonkian  rocks  of  the  Grand 
Canyon  of  the  Colorado. 

The  earliest  Paleozoic  formation  is  a  quartzite  with  some  sandy 
shales  100  to  200  feet  thick,  which  is  seen  on  the  west  side  of  the 
Animas  from  the  monzonite  contact  to  Molas  Lake,  and  imperfectly 
on  the  east  side  of  the  Animas.  This  quartzite  has  been  traced  down 
the  Animas  to  a  point  below  Rock  wood,  and  is  called  the  Ignacio 
quartzite  from  its  characteristic  development  on  the  bench  where  the 
lake  of  that  name  is  situated.  A  southerly  dip  carries  this  quartzite 
onto  the  southern  slope  of  the  Needle  Mountains,  and  there  a  few 
indistinct  fossils  have  been  found  which  indicate  its  Cambrian  age. 

The  rather  shaly  beds,  often  calcareous,  succeeding  the  quartzite 
have  as  yet  yielded  no  fossils.  If  there  are  any  Silurian  strata  in 
this  section  the}'  are  probably  represented  by  these  calcareous  shales 
and  sandstones. 

The  next  formation  recognized  is  a  heavy  white  limestone  about 
200  feet  in  thickness,  which  is  seen  resting  directly  on  the  Algonkian 
quartzites  just  south  of  Ouray,  and  has  been  called  from  this  locality 
the  Ouray  limestone.  In  the  Animas  region  this  limestone  rests  upon 
the  calcareous  shales  just  mentioned.  A  few  Devonian  fossils  were 
found  in  this  limestone  by  F.  M.  Endlich  during  the  Hayden  survey. 
At  the  present  time  a  quite  characteristic  Devonian  fauna  has  been 
obtained  from  this  limestone  at  various  places. 

Following  the  Ouray  limestone  there  is  a  stratigraphic  break. 
Some  formation  of  Lower  Carboniferous  age  should  appear  at  this 
horizon,  and  some  fossil  evidence  has  been  obtained  to  show  that  at 
least  remnants  of  that  formation  may  be  found  on  careful  search. 
But  the  great  series  of  Upper  Carboniferous  rocks  called  the  Iler- 
mosa  formation  come  nearly  or  quite  in  contact  with  the  Ouray  lime- 
stone in  many  places.  This  series  of  alternating  limestones,  grits, 
and  sandsrones  is  about  2,000  feet  thick  and  forms  the  imposing 
scarp  facing  the  Animas  Valley  on  the  west  side.  The  same  beds 
form  notable  cliffs  about  the  town  of  Ouray.  From  the  limestone 
members  a  very  eharacteri&^tic  Upper  Carboniferous  fauna  has  been 
obtained. 

At  Rico  the  uppermost  division  of  the  Carboniferous  was  found  to 
bi*  characterized  by  invertebrate  fossils  of  the  Permo-Carboniferous. 
Three  hundred  feet  of  strata  have  been  grouped  together  as  the  Rico 
formation.  Evidence  is  not  yet  sufficient  to  demonstrate  the  presence 
of  the  Ri(*o  strata  in  the  Silverton  quadrangle. 

Following  th(»  Carboniferous  comes  the  well-known  series  of  reddish 
grits,  sandstones,  and  conglomerates  ordinarily  known  as  the  Red 
Beds.  This  series  has  been  termed  the  Dolores  formation  from  its 
occurrence  along  the  Dolores  River,  and  evidence  of  its  Triassic  age 
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has  been  found  in  the  upper  part  of  the  formation.  These  strata  are 
seen  in  Canyon  Creek  and  in  the  southwestern  corner  of  the  Silver- 
ton  quadrangle.  All  the  Paleozoic  and  Mesozoie  formations  named 
exhibit  a  domal  structure  by  their  prevailing  dips  to  the  north  or  to 
the  south,  away  from  the  center  in  the  Silverton  quadrangle.  Beyond 
the  bordei*s  of  this  quadrangle  the  other  formations  of  the  Mesozoie 
appear. 

Prevolcaiiic  surface  and  tlie  Telluride,  congJomeraie., — The  Hayden 
map  represents  the  volcanic  complex  of  the  San  Juan  as  resting  on 
a  general  plane  surface  eroded  across  many  different  formations. 
Over  considerable  stretches  the  base  of  the  volcanics  is  represented 
as  approximately  level.  A  detailed  examination  of  the  Telluride 
quadrangle  showed  that  the  San  Juan  tuff  was  in  that  region  every- 
where underlain  by  a  conglomerate  free  from  volcanic  material  but 
containing  pebbles  of  very  hard  sedimentary  rocks,  Mesozoie  and 
Paleozoic,  with  schists,  granites,  and  Algonkian  quartzites,  such  as 
may  be  seen  in  the  Needle  Mountains;  that  is  to  say,  this  conglomer- 
ate contained  in  its  pebbles  the  record  of  an  enormous  erosion,  such 
as  would  be  required  to  produce  the  surface  upon  which  the  volcanic 
formations  in  general  rest. 

This  conglomerate  below  the  volcanics  was  first  called  the  San 
Miguel  conglomerate.  It  is  now  necessary  to  replace  that  name  by 
another,  as  it  has  been  found  that  there  is  a  prior  use  of  that  term  for 
a  Oetaceous  formation  in  Texas.  It  is  therefore  proposed  to  rename 
this  conglomerate  below  the  San  Juan  tuff  4he  Telluride  conglomer- 
ate, or  formation,  on  account  of  its  t>T)ical  exposures  and  relations, 
clearly  seen  about  the  town  of  that  name  and,  indeed,  throughout 
the  Telluride  quadrangle.  The  Telluride  formation  varies  greatly 
in  thickness;  it  is  almost  1,000  feet  thick  in  Mount  Wilson,  on  the 
western  border  of  the  Telluride  quadrangle.  It  is  700  feet  thick  in 
Sheep  Mountain,  southwest  of  Trout  Lake,  and  from  that  point  thins 
gradually  eastward  to  Sultan  Mountain  in  the  Silverton  quadrangle, 
where,  on  the  eastern  slope,  it  has  an  average  thickness  of  about  30 
feet.  To  the  east  of  the  Animas  this  conglomerate  is  not  continuously 
developed,  but  is  found  occup3ing  hollows  in  the  surface  of  gneisses 
and  schists.  The  San  Juan  tuffs  resting  upon  it  bury  the  small  promi- 
nences separating  these  hollows,  and  the  Telluride  conglomerate  is, 
as  a  rule,  not  conspicuous.  It  is  very  distinctly  seen,  however, 
beneath  the  San  Juan  on  both  sides  of  Whitehead  Creek.  The  same 
thinning  of  the  Telluride  conglomerate  occurs  between  Telluride  and 
the  exposures  in  Canyon  Creek.  The  conglomerate  is  very  clearly 
exposed  upon  the  wagon  road  leading  up  the  north  side  of  Canyon 
Creek,  and  is  probably  continuous  along  its  southern  side  to  the  valley 
of  Red  Creek,  but  beyond  that  to  the  east  is  seen  only  in  discon- 
nected exposures.  It  is  thought  probable  that  the  same  formation 
occurs  beneath  the  volcanics  in  the  lower  country  east  of  the  Uncom- 
pahgre  River  in  the  Ouray  quadrangle. 
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structure  of  the  pre-Telluride  fonnatloths. — The  domal  striieture 
which  has  been  referred  to  is  clearly  seen  iu  the  Animas  Valley  from 
the  Grand  Turk  Mountain  southward.  The  formations  here  have  a 
southerly  or  southwesterly  dip,  which  prevails  with  some  undulations 
to  a  point  below  Durango.  Westerly  dips  prevail  in  general  in  the 
Telluride  quadrangle,  and  northerly  dips  are  seen  in  the  Uncompahgre 
Valley  from  Ouray  downward.  A  local  structure  of  intei'est  is  seen 
directly  east  of  Sultan  Mountain  in  the  Animas  Valley,  where  the 
Ignacio  quartzites,  the  Ouray  limestones,  and  the  lower  Ilermosa  beds 
<lip  rather  abruptly  northward.  The  original  extent  of  this  fold  is 
not  now  plain,  for  these  beds  are  cut  off  sharply  by  the  great  quartz- 
nionzonite  stocks,  beyond  which  only  volcanic  rocks  are  known  for 
a  numl^r  of  miles.  An  interesting  evidence  of  the  structure  of  the 
Paleozoic  beds  is  also  seen  in  Ironton  Park.  The  well-known  deposits 
of  the  Saratoga  mine  seem  quite  clearly  to  be  in  the  horizon  of  the 
Ouray  limestone,  resting  upon  Algonkian  quartzites,  as  in  the  Uncom- 
pahgre Valley.  They  have  a  westerly  dip,  which  carries  them  quickly 
below  the  level  of  the  park,  but  along  the  road  on  the  western  side  a 
very  few  feet  of  grits  may  locally  be  found  beneath  the  San  Juan  tuffs. 

These  beds  of  Ironton  Park  are  supposed  to  represent  the  known 
eastern  limit  of  the  sedimentary  section  which  must  be  continuous 
beneath  the  volcanics  and  which  reappears  at  Telluride,  in  the  drain- 
age of  the  San  Miguel  River. 

FauUimi. — Displacements  of  the  volcanic  rocks  by  faulting  are 
numerous,  but  it  is  in  most  cases  difficult  to  ascertain  the  amount 
and  character  of  the  displacement.  It  is  supposed  that  many  of  the 
faults  seen  in  the  eastern  part  of  the  quadrangle,  especially  in  or  near 
the  valley  of  the  Lake  Fork,  have  a  very  considerable  throw.  In 
other  parts  of  the  area  dislocation  is,  as  a  rule,  comparativel}^  slight. 
An  exception  to  this  statement  is  afforded  by  the  faults  bounding  the 
rhyolite  body  of  Porphyry  Gulch,  near  the  head  of  Mineral  Creek. 
Here  th(M'e  appears  to  be  a  sunken  block  of  Potosi  rhyolite  bordered 
])y  faults,  SOUK*  of  which  are  very  clearly  exposed.  Minor  faults 
occur  particularly  iu  the  southern  parts  of  the  quadrangle,  on  either 
side  of  tlu*  Animas. 

In  that  region  there  are  faults  which  seem  to  be  of  an  earlier  date 
than  the  volcanic  eruptions,  but  they  can  be  identified  as  prevolcanio 
(iuly  where  they  are  found  to  stop  at  the  lower  surface  of  the  San 
.luan.  Two  such  faults  are  seen  in  Cunningham  Gulch  above  the 
Highland  Mary  mine.  Between  these  faults  a  block  of  Ouray  lime- 
stone has  been  dropped,  and  outcrops  of  that  formation  occur  on  each 
side  of  the  main  gulch.  These  faults  do  not  affect  the  San  Juan  tuffs 
abov(»  the  Ourav  limestone. 

Landslides. — The  Telluride  quadrangle  is  an  area  of  important 
lan(lsli<les,  especially  on  th<»  steep  western  face  of  the  San  Juan,  where 
the  Telluride  conglom(»rate  rests  on  soft  Cretaceous  shales.  Two  of 
thesf*  slide  areas  are  several  square  miles  in  extent  and  huge  blocks 
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have  slipped  eu  masse.     Minor  slides  were  also  noted  in  several  of  the 
gulches  of  the  mountains  about  Telluride. 

The  Silverton  quadrangle  has  also  been  the  scene  of  landslides  on 
an  unusually  grand  scale.  The  principal  area  of  landslides,  shown 
on  PI.  IV,  embraces  the  countrv  on  both  sides  of  Red  Creek  from 
the  lower  end  of  Ironton  Park  to  the  head  of  Mineral  Creek,  and 
extends  vertically  up  the  adjacent  slopes  for  several  hundred  feet,  or 
in  places  1,000  feet.  That  landslides  have  occurred  in  this  i*egion 
will  be  evident  to  all  who  carefully  examine  the  topographic  detail 
within  the  areas  outlined.  This  detail  is  unfortunately  too  small  to 
admit  of  expression  on  the  scale  of  the  topographic  map.  Apparently 
the  movement  has  been  very  superficial  in  comparison  with  the  great 
slides  of  the  Telluride  quadrangle.  It  has  taken  place  in  hundreds 
of  separate  small  blocks,  which  are  now  outlined  by  trenches  or  sinks 
back  of  the  knolls  representing  the  separate  masses.  When  shadows 
are  cast  in  the  right  direction  the  individual  knolls  of  this  slide  area 
stand  out  very  clearly.  PL  VI  represents  a  small  part  of  the  landslide 
surface  in  the  vicinity  of  the  Guston  mine. 

The  occurrence  of  such  an  area  of  landslide  material  is  especially 
interesting  in  this  case  because  of  the  fact  that  the  Yankee  Girl, 
Guston,  Robinson,  Vanderbilt,  Paymaster,  and  other  mines  are  in  the 
heart  of  the  area  affected.  Since  in  some  cases  the  ore  bodies  were 
traced  continuously  from  the  surface  downwaixl  to  depths  of  over 
1,000  feet,  it  is  plain  that  not  all  of  the  surface  rock  has  suffered  dis- 
location, but  it  is  a  notable  fact  that  at  each  one  of  these  mines  there 
is  a  mound  or  hill  of  much-altered  rock  which  stands  up  as  an  out- 
crop in  place  in  the  midst  of  the  greatly  fractured  rock  which  has 
slipped  downward  to  an  unknown  extent  through  the  landslide 
action.  The  contrast  totween  a  hill  of  rock  in  place  and  the  knolls 
representing  landslide  blocks  surrounding  it  is  very  striking  in  the 
case  of  the  hill  above  the  Paymaster  mine.  A  critical  examination 
of  the  mountain  side  at  this  point  clearly  shows  that  this  hill  must 
have  been  a  still  more  prominent  point  before  the  landslide  epoch. 
The  great  multitude  of  small  slide  blocks  descending  from  the  higher 
slope  have  almost  covered  Paymaster  Hill  and  have  swept  down  on 
either  side  to  the  level  of  the  main  gulch.  Whether  this  landslide 
material  may  have  entirely  concealed  mounds  of  altered  rock  corre- 
sponding to  those  so  prominent  at  the  mines  mentioned  is  an  interest- 
ing problem  to  which  Mr.  Ransome  refers. 

The  evidence  of  landslide  action  is  chiefly  that  of  the  topography, 
which  is  entirely  irregular  and  can  not  have  been  produced  by  ordi- 
nary erosion.  The  mounds  or  knolls  can  not  be  regarded  as  roches 
moutonnees  because  of  the  completely  fractured  characterof  the  rocks 
found  in  them  and  the  fact  that  many  of  them  are  soft  tuffs,  quite 
incapable  of  having  resisted  moving  ice  to  form  a  scoriated  mound. 
It  is  also  notably  the  case  that  rocks  of  entirely  different  character 
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and  different  states  of  preservation  are  found  in  juxtaposition,  break- 
ing the  continuity  wliich  is  normal  where  the  formations  were  not 
thus  dislocated. 

Landside  action  of  similar  character  has  been  very  prominent  about 
Rico,  in  the  heart  of  th(»  Rico  Mount>ains.^  The  i^esult  is  to  prcxluce 
]>road  topographic  forms  of  rather  gentle  outline,  modified  by  many 
small  ridges,  knolls,  and  ti-enches.  Such  fractured  material  is  now 
necessarily  in  process  of  further  disintegration.  Indeed,  certain  parts 
of  the  landslide  area  adjacent  to  IronUm  Park  have  l>een  so  smoothed 
out  ])y  the  ordinary  cn»eping  down  the  sloi)es  of  the  much-fractured 
rock  that  the  landslide  charact<*r  is  rather  obscurf».  Landslide  action 
on  so  gigantic  a  s(*ah^  is  at  ])ivsent  attributed  to  violent  earthquake 
shock.  Only  some  such  violent  local  force  seems  adequate  to  explain 
the  enormous  slides  of  the  Tellurideciuadrangle,  and  the  explanation 
is  most  ])lausible  in  view  of  the  volcanic  history  of  the  region. 

METHODS  OF  MINING  AND  TREATMENT  OF  ORES. 

It  is  not  ])roposed  in  this  section  to  go  into  an  exhaustive  account 
of  mining  methods  and  metallurgical  processes.  Such  a  discussion 
would  be  outside  the  scope  of  the  present  report  and  would  necessitate 
the  coll(»ction  of  detailed  data  of  a  kind  not  contemplated  in  planning 
geological  field  work.  A  brief  stiitement  of  methods  and  approximate 
costs  may,  however,  be  of  use  to  reside i*s  having  no  practical  knowl- 
edge of  this  district  or  of  the  modes  of  proceduiv  followed  in  it. 

Owing  to  the  excee<lingly  rugged  character  of  the  country,  the 
larger  mines,  with  the  exception  of  those  in  the*  Red  Mountain  district, 
are  almost  all  worke<l  through  adit  tunnels.  Although  involving,  as 
a  rule,  great(»r  initial  expenditure,  and,  in  the  (*as<»  of  crosscuts, 
necessitating  much  **dead  work,"  such  adits  luive  for  large  mines 
undoubted  advantages  in  this  region  over  shafts.  They  obviate  the 
need  of  pumping,  and  when,  as  is  commonly  the  case,  there  is  vcrtii-al 
connection  with  the  surface  through  old  workings,  they  greatly  simplify 
the  problem  of  ventilation.  In  a  region  so  elevated  as  the  San  Juaui 
an  adit  tunnel  possess(»s  great  advantage  in  that  it  allows  the  mine 
entrance  and  buildings  to  l)e  placed  as  low  down  as  possible,  where 
they  can  1m»  better  sheltei*ed  from  the  winter  snow,  and  where  water 
and  timber  can  be  more  rea<lily  utilized.  In  several  of  the  larger 
mines,  such  as  the  Silver  Lake  and  Tomboy,  sliafts  are  sunk  from  the 
adit  levels,  and  hoisting  and  pumping  machinery  are  installed  in 
underground  stations. 

The  levels  ai'e  usually,  although  not  uniformly,  al)out  1(K)  feet 
apart,  and  the  oi'e  is  worked  out  by  overhand  stoping.  It  is  usually 
allowed  to  fall  on  canvas  and  roughly  sorted  from  the  waste.  The 
stopes  are  sometimes  left  open,  sufficient  timbering  being  carried  up 


*Qeoloiry  <>f  tho  Rico  Mountains.  Colorado,  by  Whitman  CroHi  and  Arthur  Coe  8i)encor: 
Twenty-flrst  Ann.  Ropt  U.  8.  GeoL  Survey,  Pt.  II,  pp.  hS^l&l. 
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for  workinj^  purposes.  But  the  more  approved  practice  is  to  till  in 
the  stojM^s  as  the  work  proceeds,  blasting  out  niaterial  from  the  walls 
if  necessary.  In  many  cases  this  filling  is  su(*cessfully  comlnned  with 
systematic  pros|K*cting  of  the  wall  rock  on  both  sides  of  the  vein,  often 
resultinj^  in  tlie  discovery  of  ore  whi<jh  would  otherwise  have  l>een 
overlooked.  Underhand  stoping  is,  however,  practiced  in  a  few  mines, 
a«  in  the  Sunnyside,  where  the  proportion  of  waste  which  it  is  neces- 
sary to  move  is  small  iii  comparison  with  the  ore. 

Machine  drills  are  not  generally  employed,  save  in  running  long 
crosscuts.  The  progressive  Silver  Lake  mine  began,  however,  to 
employ  several  Siemens  and  Halske  electric  drills  in  its  stopes  in  1899. 

In  mines  of  moderate  output  the  ore  is  taken  directly  from  the  ore 
chutes  and  run  out  in  single  cars  pushed  by  a  man  or  a  boy.  In  the 
Silver  Lake  mine  the  ore  collected  from  the  various  drifts  and  levels 
is  all  dumped  into  ore  bins  in  the  main  underground  station  on  the 
adit  level,  and  thence  taken  out  to  the  mill  in  a  train  of  cars  drawn 
b}'  a  mule.  In  the  Revenue  tunnel,  which  is  over  7,400  feet  in  length, 
and  from  which  the  daily  output  is  some  200  tons  of  crude  shipping 
ore  and  an  additional  amount  of  milling  ore  sufficient  to  furnish  30  to 
40  tons  of  (concentrates,  the  ore  is  drawn  out  in  a  train  of  cars  operate 
by  an  electiic  locomotive.  The  tunnel  is  furnished  with  a  double 
track,  but  practice  has  shown  that  even  in  an  adit  of  this  length  a 
single  track  is  amply  able  to  accommodate  a  much  greater  output 
than  that  now  handled. 

Many  of  the  mines  being  situated  above  timl)er  line  in  the  high 
basins,  frequently  from  2,(XK)  to  4,000  feet  above  the  main  roads,  the 
proper  location  of  the  mill  and  the  mode  of  transportation  of  the  ore 
and  concentrators  to  the  nearest  railway  are  problems  which  must  be 
solved  for  each  mine.  Owing  to  the  scanty  and  intermittent  character 
of  the  water  supply,  it  is  seldom  practicable  to  mill  the  ores  at  the 
altitude  of  the  adit  tunnel.  An  exception  must  be  made  in  the  case 
of  the  Silver  Lake  mine,  where  water  for  the  mill  is  obtained  by  pump- 
ing from  the  adjacent  lake.  But  in  most  cases  the  mill  is  built  any- 
where from  a  few  hundred  to  several  thousand  feet  below  the  mine. 
The  primitive  method  of  packing  the  ore  down  on  backs  of  burms  to 
the  shipping  i>oint  or  to  the  mill  is  in  use  by  nearly  all  the  small  mines 
and  pi'ospects.  But  in  well-equipped  mines,  located  above  timber 
line,  the  wire- rope  tramway  performs  an  office  which  makes  it  indis- 
pensable in  the  mining  development  of  so  rugged  a  country.  These 
tramways  an*  of  various  patterns,  from  the  lightly  constructed  Huson 
tram,  with  its  small  fixed  buckets  and  single  rope,  to  the  substantial 
lUeichert,  with  large  detachable  buckets  drawn  over  a  fixed  rope  and 
supported  by  well-constructed  towei-sof  timber.  The  Bleichert  tram- 
way of  the  Camp  Bird  mine  in  189H  was  running  about  45  buckets, 
each  bucket  carrying  about  700  pounds  of  ore.  One  man  is  able  to 
disj)atcli  350  buckets  a  day.     This,  however,  is  by  no  mean§  the  full 
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capacity  of  the  tramway,  Ll  l>eing  restncted  in  this  instance  by  the 
limitations  of  a  small  Iliison  tramway  which  was  bringing  ore  down 
from  upper  workings  to  wliat  is  now  the  main  adit.  The  expense  of 
running  these  well-constructed  gravity  tramways  is  comparatively 
small,  and  they  are  remarkably  smooth  and  efficient  in  operation. 

The  ores  of  the  Silverton  ([uadrangle  are  commercially  divisible 
into  shipping  ores  and  milling  ores.  The  former  are  shipped  direct 
to  the  smelter  as  crude  ore.  They  include  such  high-grade  ores  as 
can  not  be  treated  economically  by  simple  milling  processes  an<l  such 
ores  as  contain  but  a  small  proportion  of  worthless  gangue.  The 
milling  ores  inclu<le  such  gold  ores  as  can  be  readily  amalgamated  or 
concentrated  and  those  silver-lead  ores  in  which  the  valuable  min- 
erals are  associated  with  considerable  quartz  or  other  gangue  mate- 
rial. Most  large  mines  produce  both  grades  of  ore,  while  the  output 
of  the  smaller  mines,  without  mills,  is  necessarily  usually  restricted  to 
shipping  ore.  Exclusive  of  the  ore  from  the  Revenue  tunnel,  which 
really  comes  from  the  Telluride  <iumlrangle,  the  bulk  of  the  crude 
ore  at  present  shipped  from  the  Silverton  quadrangle  goes  to  the 
American  Smelting  and  Refining  Company's  smelter  at  Durango. 
Heav3"  lead  ores  preponderate.  The  treatment  charge  varies  from  $2 
to  111,  the  higher  rate  l>eing  for  siliceous  or  ''dry  ■'  ores.  An  extra 
chare  of  50  cents  per  unit  (1  per  cent  of  1  ton)  is  made  for  ores  run- 
ning over  10  per  cent  of  zinc. 

The  treatment  of  milling  on^s  varies  considerably  with  their  char- 
acter. Formerly  man}'  lixiviation  plants,  usually  employing  some 
modification  of  the  original  Augustin  process,  were  installed  in  the 
region  for  the  In^atment  of  argentiferous  oi*es.  This  process,  involv- 
ing a  chloridizing  roasting  of  the  ore  and  subsequent  leaching  out  of 
the  chloride  of  silver  by  the  use  of  strong  brine,  proved  successful  in 
treating  the  ore  of  tlu»  Polar  Star  mine,  about  1^5  i)er  cent  of  the  silver 
being  saved.  In  many  cases,  however,  it  was  a  failure,  the  ores  not 
being  adapted  to  its  employment.  At  the  present  time  it  is  no  longer 
used.  Mechanical  concentration,  coupled  in  some  cases  with  amalga- 
mation, has  entirely  replaced  the  various  chemical  processes,  and  th<» 
concent rat<\s  thus  obtaine<l  are  shipped  to  the  smelters. 

Th<»  silver-lead  ores,  carrying  usually  some  gold  and  cop[)er,  are 
crushed  by  rolls  or  stamps  and,  after  ])roper  sizing  in  revolving 
screens,  ar(»  concentrated  by  means  of  jigs  and  shaking  tables.  For 
this  ])urpose  the  Wilfley  table  is  most  in  use,  although  Woodbury, 
Bartlett,  and  Cammett  tabl<»s  and  Frue  vanners  are  also  employed, 
and  a  special  form  of  "end-shake"  table  is  in  use  in  the  Silver  Lake 
mill  for  saving  the  slinu^s.  Where  the  ore  to  be  treated  is  rich  in 
galena  the  tendency  in  most  of  the  newer  mills  is  to  substitute 
rolls  for  stam])s.  Huntington  mills  are  frecjuently  employed  for 
regrinding  tailings. 

The  richer  ores,  carrying  free  gold,  re^juire  different  treatment.     In 
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the  thoroughly  modern  mill  of  tlie  Camp  Bird  mine  the  equipment  is 
similar  to  that  which  has  been  found  best  adapted  to  the  free-milling 
gold  ores  of  California.  The  ore  passes  from  the  crusher  directly  to 
the  stamps,  weighing  800  pounds  and  dropping  90  times  a  minute. 
The  pulp  passes  through  a  40-mesh  screen  to  the  amalgamating 
plates,  where  from  75  to  80  per  cent  of  the  value  is  caught.  It  is 
then  passed  through  classifiers  and  over  Frue  vanners,  the  latter 
being  so  arranged  that  the  pulp  before  being  allowed  to  escape  us 
tailings  passes  over  two  vanners.  The  oi'e  commonly  run  through 
this  mill  averages  from  $100  to  1200  per  ton  and  is  frequently  mueh 
higher.  The  tailings  run  from  iJ3  to  $5,  part  of  which  is  recovered 
in  a  small  auxiliary  mill.*  Considering  the  peculiar  character  of  the 
Camp  Bird  ore,  which  will  be  elsewhere  described  in  this  report,  this 
showing  is  rather  remarkable.  Between  mills  of  this  type  and  tlie 
more  complicated  equipment  required  for  treating  lower-grade  argen- 
tiferous ores  there  are  all  gradations,  as  will  appear  when  each  mine 
is  described  in  detail.  At  the  Tomboy  mine,  which  produces  a  gold 
ore,  the  ore  is  crushed  by  rolls  and  ground  in  Huntington  mills  l)efore 
passing  over  the  plates,  no  stamps  being  used. 

The  various  mills  will  be  described  in  the  detailed  a<?counts  of  tlie 
individual  mines  included  in  this  report. 

The  conditions  under  which  the  several  mines  oi>erate  differ  so 
widely  that  it  is  imix)ssible  to  assign  a  definite  lower  limit  to  the  value 
of  ores  which  can  be  profitably  extracted.  Ores  ranging  in  value  from 
$G  to  $12  a  ton  are  perhaps  as  of  low  a  grade  as  e^n  be  now  worked, 
even  on  a  considerable  scale  and  with  modern  equipment.  For  many 
of  the  smaller  mines,  however,  this  limit  must  be  doubled.  The  Red 
Mountain  mines  were  expensive  to  operate  on  account  of  the  irregular- 
ity in  the  disposition  of  their  ore  bodies,  their  corrosive  waters,  and 
the  necessity  of  pumping  and  hoisting  through  shafts.  In  1888  the 
New  Guston,  then  beginning  operations  on  an  extensive  scale,  paid 
dividends  on  ore  mined  at  a  cost  of  1553.50  per  ton.  The  lowest  annual 
cost  per  ton  was  $9.00  in  1894  on  ore  worth  only  $12.80  per  ton.  Loca- 
tion, power,  timber,  water,  kind  of  country  I'ock,  and  character  and 
amount  of  ore  form  a  complex  set  of  factors,  which  fully  accounts  for 
the  range  in  the  limiting  value  between  workable  and  nonworkable 
ore.  Compared  with  $1.35  per  ton,  which  in  1894  covered  the  entire 
cost  of  mining  and  treatment  of  the  ore  from  the  Alaska-Treadwell 
mine,^  or  the  $2.50  to  $5  per  ton  which  covera  the  similar  exi)ense  in 
many  deep  California  gold  mines,  the  figui'es  given  above  seem  high. 
But  the  difference  is  sufficiently  explained  by  the  difficulties  insepara- 
bly connected  with  mining  in  so  rugged  and  elevated  a  region  and  by 
the  more  involved  processes  required  for  the  treatment  of  complex 


>  In  190()  a  modern  cyanide  plant  wan  being  erected  to  treat  the  tailings  directly  from  the  mill. 
It  is  now  in  operation. 

3  Reconnaissance  of  the  gold  fields  of  Houtheru  Alaska.  1»y  G.  F.  Becker:  Eighteenth  Ann.  Rept. 
U.  8.  Geol.  Survey,  Pt.  lU,  1898,  p.  64. 
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ores,  the  concentration  of  which  is  oft^n  rendered  troublesome  by  the 
presence  of  sphalerite  and  barite,  and  which  almost  invariably  require 
smelting. 

CLASSIFICATION  OF  THE  ORE  DEPOSITS. 

The  ore  deposits  of  the  Silverton  quadrangle  may  l>e  conveniently 
classified  and  described  "under  three  heads:  (1)  Lodes,  (2)  stocks  or 
masses,  and  (3)  metasomatic  replacements.  To  the  first  class  l)elong 
by  far  the  greater  number  of  the  deposits  that  are  l)eing  worked  at 
the  present  time.  To  the  second  class  are  assigned  most  of  the  ore 
bodies  formerlv  worked  in  the  Red  Mountain  district,  often  locallv 
known  as  ''chimneys.''  In  the  third  class,  by  far  the  least  important 
in  this  qua<lrangle,  are  placed  a  few  deposits  oc<nirring  in  limt^stone 
or  in  rhyolite. 

In  the  (*lassificatit)n  of  actual  ore  deposits  it  is  usually  found  that  a 
given  ore  Ijody  presents  features  common  to  two  or  moi'e  ideally  dis- 
tinct types.  Thus  a  fissure  vein  may  be  acc(mipanie<l  by  some  replace- 
ment of  the  adjacent  country  rock,  or  it  may  be  found  impossible  to 
<lraw  any  definite  line  between  impregnation  ^  and  total  metasomatic 
replacemeut.  The  present  field  offers  no  exception  to  this  general 
<lifficulty,  and  the  division  of  the  ore  deposits  here  made  is  not  to  be 
regarded  as  in  all  cases  discriminating  lx?tween  totally  different 
things.  Th<»  aim  is  to  group  the  deposits  bi^oadly,  under  most  promi- 
nent characteristics  of  occurrence,  in  order  that  they  may  be  conven- 
iently and  systematically  described. 

THE  LODE  FISSURES. 
DEFINITIONS. 

I>3'  fissure,  as  used  in  this  report,  there  is  meant  a  somewhat  exten- 
sive fracture  in  the  rocks.  Such  a  fissure  is  not  necessarily  accom- 
panied by  recognizable  faulting,  nor  by  the  production  of  visible 
opeu  si)aces,  nor  by  mineralization.  According  to  the  classical  defi- 
nition of  Von  Cotta,*^  a  vein  is  the  filling  of  afissurt».  As  designating 
a  simple  tyjw,  of  frequent  occurrence,  it  seems  very  desirable  that  in 
accurate  description  the  t-erm  vein  should  retain  this  significance, 
i.  e.,  a  ''true  vein"  or  fissure  vein.  In  mining  speech,  however, 
the  word  commonly  has  a  broader  meaning,  and  is  made  to  include 
not  only  the  filling  of  a  preexisting  fissure,  but  also,  in  many  cases, 
more  or  less  altered  and  impregnated  country  rock  alongside  the  fis- 
suiv.  Frequently  the  ''vein"  of  the  miner  is  a  sheeted  zone,  embrac- 
ing several  veins  in  Von  Cotta's  sense,  or  it  may  be  a  zone  of  more 
or  less  irregular  ore- bearing  stringers.     For  this  reason,  lode  will  be 


'  Ah  um.>f1  in  this  report,  impregnation  is  merely  a  Htmctural  term  indicating  the  fine  disBemi- 
natioii  of  ore  imrtic'les  throiif^b  a  rock  mafw.  In  the  majority  of  cases  it  involves  true  metaso- 
matic replHcement. 

'  Die  Lehre  von  den  Erzlagerst&tten,  3d  od.,  Freiberg,  1859,  p.  lUS. 
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• 

In  the  Silverton  region  the  important  fissures  have  been  mapped  in 
the  field  with  reference  to  tlie  topography.  Tlie  lines  as  shown  ai-e 
approximations  to  truth,  I'equiring  much  allowance  for  necessarily 
limited  observations  and  for  impei-fections  of  the  toiK)graphic  map.' 

Inspection  of  the  map  on  which  the  prominent  lodes  are  thus  platted 
shows  that  the  most  conspicuous  fissurihg  has  taken  place  in  a  general 
northeast  and  southwest  direction.  The  dip  of  these  fissures  is  usually 
southeast  at  about  75°.  But  the  angles  of  dip  range  from  40°  to  ver- 
tical, and  a  few  of  the  lodes  dip  northwest.  Perhaps  slightly  less 
marked,  but  thus  far  more  economically  important,  are  numerous 
strong  lodes  running  in  a  general  northwest  and  southeast  <lirection. 
In  the  southeastern  quadrant  these  usually  dip  northeast  at  angles 
varying  from  50°  to  00°.  Elsewhere  they  usually,  although  not  inva- 
riably, dip  southwest  at  high  angles,  as  observed  by  Purington  in  the 
Telluride  area.  The  existence  of  these  two  dominant  directions  was 
long  ago  pointed  out  by  Endlich.'^  Purington,^  in  his  description  of 
the  fissures  of  the  neighboring  Telluride  quadrangle,  concludes  that 
"  there  are  four  general  directions  of  fissuring:  (1)  East  and  west,  and 
(2)  northeast,  best  developed  in  the  central  and  southeastern  portions 
of  the  quadrangle,  and  (3)  north  and  south,  and  (4)  northwesterly, 
best  exemplified  in  the  northwestern  portion."  It  will  he  seen  that 
the  two  most  prominent  directions  of  fissuring  in  the  Silverton  area 
coincide  with  Purington 's  second  and  fourth  general  dii*ections  in  the 
Telluride  quadrangle. 

There  occur  in  the  Silverton  quadrangle  several  appi'oximately 
north  and  south,  as  well  as  nearly  east  and  west,  lodes,  and  if  att^^n- 
tion  were  restricted  to  certain  small  areas,  such  as  Galena  Mountain, 
it  might  be  considered  advisable  to  recognize  one  or  l>oth  of  these 
directions  as  characterizing  distinct  subordinate  systems  of  fractures. 
Such  a  grouping,  however,  while  valid  for  the  very  limited  area  named, 
is  lost  when  the  various  directions  of  all  the  fissures  in  the  quadrangle 
are  taken  into  account.  The  possible  number  of  such  subordinate 
systems  then  becomes  so  large  as  to  obliterate  the  divisions  between 
them.  For  accounts  of  these  minor  directions  of  fracturing  the  reader 
is  referred  to  the  latter  part  of  this  section,  whei^e  their  coordination 
is  discussed,  and  to  the  detailed  descriptions  of  the  various  local  gi'oups 
of  lodes  in  the  later  pages  of  this  report.  It  is  sufficient  in  this  place 
to  point  out  that  the  fissuring  of  the  rocks  throughout  the  quadrangle 
has  been  so  thorough  and  has  taken  place  in  so  many  directions  that 
two  of  these  only  stand  out  as  dominant.  Even  these  show  a  cer- 
tain localization  within  the  limits  of  the  quadrangle,  the  northeast- 
southwest  fissures  notablj'  predominating  in  the  northeast  quadrant. 


'  The  topojcraphic  map  upon  which  moHt  of  the  lodes  were  originally  laid  down  was  partly 
revised  during  the  year  IWMJ,  and  these  lodes  tad  then  to  l>e  transferred  and  adapted  to  the  new 
map  in  the  office— a  prcK'edure  which  may  lead  to  occasional  unavoidable  errors  of  position 
with  reforenre  to  minor  topographic  features. 

a  Hayden  Survey,  Ann.  Ropt.  1874,  p.  ZK.  '  L<m\  t-it ,  p.  7t$7. 
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wh'iW  th«'  iiorthwest-sontheaHl  fissuren  are  the  more  porsiHtent.  in  the 
southeast  qiiadi-ant. 

Ill  the  HC>coiui>aiij'iiig  <lia;ri-aiii  (tig.  1)  the  ItMler*  represented  upon 
the  niaji  hnve  lieeii  platUtI  as  straight  lines  passing  through  a  corn- 
irion  (renti-al  iMiinl.  In  the  ease  of  inotlerat«ly  curved  fisaupes  the 
line  represents  tlic  average  general  <Iirei'tion.  A  few  sharply  curved 
Iwies  have  l»e«n  livaled  as  if  they  weiv  formed  by  two  intersecting 
fissui-es,  and  represented  in  the  diagrHin  by  two  lines.     Tlie  figure 


brings  rlearly  l»efon^  the  eyes  the  great  variety  of  direction  assumed 
by  the  n-lalively  few  ttsHures  which  have  been  niapjied  as  lo<les.  It 
fails,  (in  the  other  hand,  to  express  the  relative  iK-rsistenoy  and  indi- 
vidual iinporlawc  of  the  varirtus  fissures  repi-esented,  and  in  so  far 
only  jiarlially  biings  out  the  prominence  of  the  northeasl -southwest 
and  norlhwcsl -southeast  lodes. 

In  a  region  traversed  by  such  a  great  number  of  fissures,  trending 
in  so  many  diffei-ent  direittions,  it  is  not  difficult  to  conslniet  fanciful 
ii'lationships.     Few  of  the  latter  are  more  popular  than  that  which 
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makes  all  the  important  lodes  radiate  from  one  or  more  points — 
extinct  volcanoes  being  generally  preferred.  That  there  is  a  certain 
radial  disposition  of  the  fissures  will  be  presently  shown,  but  this 
arrangement  is  very  different  from  that  which  has  l>een  sometimes 
supposed,  and  which  has  been  described  in  intendedly  serious  i^ubli- 
cations. 

Having  considered  the  various  directions  t-aken  by  the  fissures  in 
the  region  as  a  whole,  it  remains  to  discuss  certain  mutual  relations 
in  regard  to  direction  exhibited  by  the  fissures  of  several  small  areas. 
In  spite  of  the  wide  diversity  of  strike  already  dwelt  upon,  and  illus- 
trated in  fig.  1,  it  is  nevertheless  true  that  in  certain  limited  portions 
of  the  quadrangular  area  one  or  more  systems  of  fissures,  character- 
ized by  fairly  accordant  directions  of  strike,  are  easily  recognizable. 
In  many  cases  these  parallel  fissures  are  so  small  and  carry  so  little 
ore  or  vein  matter  that  they  have  not  been  indicated  on  the  map. 
Moreover,  they  are  at  places  so  closely  spaced  as  to  render  it  impos- 
sible to  show  them  on  the  scale  here  employed  for  the  topographic 
mapping. 

On  the  west  side  of  Silver  Lake  Basin,  in  addition  to  the  productive 
lodes,  such  as  the  Iowa,  New  York  City,  and  Stelzner,  the  country 
rock  is  traversed  by  a  great  number  of  smaller  fissures,  striking  from 
20^  to  40°  west  of  north,  and  resulting  in  a  pronounced  sheeting  of 
the  rock,  generally  parallel  with  the  lodes  mentioned,  but  without 
recognizable  regular  or  rhythmical  spacing.  These  fissures  are  nearly 
vertical,  but  one  group  of  them  sometimes  exhibits  a  steep  north- 
easterly dip,  while  another  group  dips  southwesterly.  Many  of  them 
are  ore  bearing,  and  it  is  not  uncommon  to  see  on  a  clean  surface  of 
rock  a  vein  an  inch  or  so  wide  composed  of  quartz  and  galena  in 
about  equal  proportions.  Such  mineralized  stringers  may  be  seen  to 
branch  or  to  wedge  out  completely  in  a  distance  of  40  or  50  feet  and 
be  succeeded  by  an  overlapping  veinlet  a  few  inches  to  one  side.  On 
a  smaller  scale  they  repeat  the  phenomena  observed  underground  in 
th(»  ni^arly  parallel  lodes,  such  as  the  New  York  City,  belonging  t^ 
(iroup  II  of  the  Silver  Lake  Basin  lodes.  (See  detailed  descriptions, 
PI>.  145-148.)  They  appear  to  belong  to  the  same  system  and  to  have 
been  formed  at  the  same  time  as  the  latter. 

Two  ])rominent  sytems  of  parallel  fissures,  intersecting  nearly  at. 
right  angles,  are  noticeable  in  the  cliffs  at  the  head  of  Arrastra 
(tuIcIi.  One  system,  with  a  strike  of  about  N.  3:?°  W.,  and  a  dip  of 
from  75°  to  80""  to  the  northeast,  runs  generally  parallel  with  the 
iiend  of  the  gulch,  and  divides  the  compacted  breccias  of  the  Silver- 
ion  series  into  great  plates  from  a  few  inches  to  several  feet  in  thick- 
ness. The  width  of  this  sheeted  zone  is  from  30  to  40  feet.  Thes** 
(issures  nmy  perhaj^s  be  placed  in  the  same  system  as  those  just 
described  west  of  Silver  Lake,  and  were  possibly  formed  at  about  the 
same  time.     But  they  apparently  contain  neither  ore  nor  quartz,  and 
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may  be  of  later  date.  The  second  set  of  fissures,  with  a  strike  pf  N. 
60°  E.,  and  a  southeasterly  dip  of  about  80^,  crosses  the  gulch  near 
its  head,  and  may  be  seen  also  in  Blair  Gulch,  in  a  considerably 
broader  zone  than  the  first  set.  Some  of  these  fractures  contain 
quartz,  but,  so  far  as  observed,  are  not  heavily  mineralized  and  carry 
only  a  little  pyrite.  The  i*elative  ages  of  these  two  systems  of  inter- 
secting fissures  were  not  directly  determinable  in  the  field.  It  is  not 
improbable  that  they  were  formed  simultaneously  as  conjugate  fis- 
sures.    (See  pp.  52-53). 

Minor  systems  of  fractui'es  in  parallel  coordination  may  be  well 
studied  on  Galena  Mountain,  a  precipitous  j)eak  composed  of  both 
massive  and  fragmental  andesite.  The  mass  of  the  mountain  is  cut 
by  very  numerous  fissures,  nmny  of  them  prominently  indicated  on 
the  surface  as  lodes  or  veins.  These  may  be  divided  into  four  groups, 
the  members  of  each  group  being  characterized  by  approximately  the 
following  strikes:  (1)  N.  45°  E.,  (2)  N.  and  S.,  (3)  N.  25"  W.,  and  (4) 
N.  r»5°  W.  In  each  of  these  svstems  there  usuallv  occui's  one  oi*  more 
fairly  strong  lodes  accompanied  by  numerous  snmller,  nearly  parallel, 
fissures,  the  rock  being  conspicuously  sheeted.  These  associated  par- 
allel fissures  are  particularly  abundant  in  the  N.  25"^  W.  system,  as  seen 
on  the  southern  declivity  of  the  mountain,  in  the  vicinity  of  the  Veta 
Ma<lre  mine.  They  are  generally  nearly  vertical,  and  rather  closely 
spaced,  a  foot  or  less  apart.  They  are  usually  occupied  by  small 
veins  which  sometimes  carry  ore  minerals,  chiefly  galena,  sphalerite, 
and  chalcopyrite,  but  whi(*h  are  seldom  large  enough  or  rich  enough 
to  be  worked. 

Another  area  within  which  the  fissures  exhibit  striking  parallel 
coordination  is  on  Treasure  Mountain  and  at  the  head  of  Placer  Gulch. 
The  dominant  northeast -southwest  fissure  system  of  this  portion  of 
the  quadrangle  is  exemplified  by  a  series  of  strong,  persistent  lodes, 
represented  by  the  Sunnyside  and  Scotia,  with  a  general  course  of 
about  N.  40^  E.  The  dip  of  these  is  southwesterly  at  high  angles.  A 
second  system  of  shorter,  less  conspicuous  fractures  crosses  the  first 
series  almost  at  right  angles,  with  a  general  course  of  about  N.  55°  W. 
These  fissures  are  nearly  vertical,  but  the  majority  of  them  dip  south- 
west at  high  angles.  In  their  trends  these  fractures  belong  with  the 
system  of  northwest-southeast  fissures  already  recognized  as  a  system 
characteristic  of  the  quadrangle  as  a  whole.  It  is  interesting  to  note 
that  here,  however,  they  are  not,  as  in  the  Silver  Lake  Basin,  the 
master  fissures,  but  are  short,  transverse,  relativel}'  unimportant  frac- 
tures, fonning  a  nearly  rectangular  network  with  the  strong,  contin- 
uous northeast-southwest  lodes.  A  third  local  system  of  transverse 
veins,  repres(Mited  by  the  Golden  Fleece,  has  a  course  of  about  N. 
75  E.,  with  usually  steep  southerly  dip.  Still  a  fourth  set  of  very 
prominent  lodes  is  exposed  at  the  head  of  Placer  Gulch,  with  an 
average  strike  of  about  N.  25^  E.     Their  dips  are  usiuUly  steep  and 
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eastoi-lv.     Tlu'i'(»  ar(»  scvonil  other  lissiires  in  this  vicinitv  which  do  not 

ft  ft 

strictly  belonij:  with  anv  of  thosvstems  noted.     Several  have  a  nearly 

4-  \^  «  ft  ^ 

east-and-west  stiike,  and   might,  perhaps,  l)e  grouped   together  or 
possibly  in<'hided  with  veins  of  the  Golden  Klee(*e  system. 

In  the  canyon  of  the  IJncompahgre,  north  of  Mount  Abrams,  tlie 
thick  masses  of  San  Juan  breccia  and  the  underlying  Algonkian  schists 
and  quartzites  are  cut  by  numerous  nearly  i>arallel  fissures  with  a 
general  trend  of  al>out  N.  5'^  W.  and  a  dip  of  about  80*^  to  So^  to  the 
east.  These  fractui'cs,  which  do  not,  as  a  rul(»,  contain  pit>minent 
veins,  have  divided  the  San  Juan  breccia  into  huge,  nearly  vertical 
slabs  (V\.  VII),  and  have  thereby  contributinl  to  the  pres<n'vation  of 
the  lofty  cliff  faces  of  this  part  of  the  canyon.  A  second,  less  promi- 
nent, system  of  fissures,  usually  carrying  quartz  stringers,  has  a 
general  strike  of  alnrnt  N.  0(r  W. 

At  the  head  of  Porphyry  (iulch,  near  the  western  l>oi'der  of  the 
quadrangle,  the  Potosi  rhyolite  and  underlying  Silverton  series  are 
traversed  by  .a  conspicnous  series  of  nearly  vertical  fissures,  stinking 
N   S"  W.,  which  do  not  contain  workable  ore  bodies,  so  far  as  known. 

A  similar  series  of  fissures  is  also  very  prominently  shown  in  the 
steep  walls  of  Canyon  Creek  northeast  of  the  mouth  of  Richmond 
Basin.  The  gen(»ral  strike  of  tht»se  fissuivs  appears  to  he  about  N. 
db^  W.,  and  they  usually  dip  steeply  to  the  northeast.  They  belong 
genetically  with  the  northwc^st-southeast  system  of  lodes  as  developed 
in  Silver  Lake  and  Richmond  l)asins.  So  far  as  is  known  they  do  not 
caiTV  anv  workable  ore  bodies. 

On  the  eastern  side  of  Irontxm  Park  are  several  fissures  having  a 
general  north(»ast-soiithwest  coui'se  and  a  steep  southeastierly  dip. 
Their  formation  was  accompanied  by  considerable  nonnal  faulting. 

The  parallel  coordinated  fissures  or  sheeted  zones  hitherto  described 
all  possess  considerable  width  and  are  characterized  by  the  division 
of  the  country  rock  into  slabs  of  relatively  great  thickness  as  compared 
with  the  resulting  fissures.  But  this  is  not  always  the  case.  The 
fissures  may  sometimes  be  very  small  and  also  very  closely  spaced,  as 
in  the  col  separating  Lake  C(mu)  from  Cement  Ci*eek,  where  the  thor- 
ougli  manner  in  which  the  rock,  a  much-altered  audesite  or  rhj-olite, 
has  been  sheeted  is  beautifully  shown.  This  minor  sheeting  is  gen- 
erally parallel  in  strike  with  the  larger  lodes  in  the  vicinity,  and  at 
th(^  I)articular  point  where  best  shown  the  fracture  planes  dip  west- 
erly at  about  <»0'.  As  many  as  fifty  such  planes  may  frequently  be 
counted  within  the  width  of  a  foot.  There  has  been  some  infiltration 
of  silica  along  thrse  minute  fissures,  which  causes  them  to  standout 
on  weathered  surfaces  as  little  ]>arallel  ribs.  The  local  strike  of  this 
sheeting  is  about  N.  35'  E.,  but  it  is  sometimes  disturbeil  by  irregular 
later  cross  fractures.  No  regularity  or  rhythm  could  be  detected  in 
their  spacing. 

Sometimes  several  nearly  parallel  fissures  of  considerable  extent, 
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originally  contain ing  open  spaces  ranging  from  a  few  inches  to  a  foot 
or  more  in  width,  occur  closely  spaced  within  a  comparatively  narrow 
zone  bounded  by  less  fractured  country  rock.  Such  a  sheeted  zone 
forms  a  favorable  i)lace  for  the  deijosition  of  ore  bodies,  and,  as  will 
be  shown  later,  the  Camp  Bird,  Tomboy,  and  other  lodes  are  chiefly 
of  this  type,  illustrated  in  figs.  0  and  14.  Coordinate  fractures  of  this 
simple  character,  in  which  the  individual  fissures  maintain  their  indi- 
viduality and  essential  parallelism  for  long  distances,  may  pass  with- 
out any  line  of  demarcat  ion  into  groups  of  fissures  of  the  linked  type, 
in  which  the  nearly  parallel  fissures  are  arranged  more  or  less  en 
echelon  and  connected  by  smaller  oblique  fractures.  This  structure 
is  exemplified  to  some  extent  in  the  Tomboy  mine,  but  is  not  a  com- 


Fkj.  2.  -Horizontal  sketch  projection  of  the  pnxiuctive  Icxles  we«t  of  Silver  Lake. 

mon  one  in  the  Silverton  quadrangle.  With  a  still  further  shoi-tening 
of  the  principal  parallel  fissures  and  an  increase  in  the  number  and 
size  of  the  linking  fractures  the  fissure  zone  l)ecome8  a  reticulated 
aggregation  of  irregular,  curving  fractures,  which,  when  filled  with 
ore,  constitute  what  may  be  conveniently  termed  a  stringer  lode.  Of 
this  class  is  the  North  Star  (King  Solomon)  lode.  Finally,  with  yet 
greater  increase  in  the  number  and  irregularit}'  of  the  fissuring,  this 
tyjK*  of  fissure  zone  passes  by  insensible  gradations  into  a  breccia 
zone,  such  as  a  portion,  at  least,  of  the  Polar  Star  lode. 

Thus  far  the  discussion  has  dealt  with  the  parallel  coordination  of 
fissures  int*)  minor  systems  and  with  the  steps  by  which  such  groups 
of  fissures,  when  confined  to  rather  narrow  zones,  may  pass  into  other 
less  regular  structures  commonly  associated  with  the  deposition  of 
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ore  in  lodes.  It  remains  to  consider  another  manner  in  which  the  fis- 
sures of  this  region  are  sometimes  locally  groii[)e<l,  not  in  parallel, 
but  in  more  or  less  radial,  or,  perhaps  more  accurately,  branching, 
arrangement.  This  feature  is  well  shown  by  the  lodes  of  Silver  Lake 
Basin.  The  accompanying  diagram  (fig.  2)  is  a  horizontal  sketch  pro- 
jection of  the  productive  fissures  worked  in  the  Silver  Lake  and  Iowa 
mines,  compiled  from  maps  of  the  underground  workings.  The  rela- 
tions of  the  lodes  here  shown  are  described  on  pp.  148-149,  and  it  is 
only  necessary  in  this  place  to  call  attention  to  the  branching  arrange- 
ment of  the  fissui'es  and  to  the  fact  that  all  these  loiles  appear  to  have 
been  formed  at  the  same  time.  Another  case  of  conspicuous  branch- 
ing occui's  at  the  head  of  Placer  Gulch,  where  several  lodes  having 
an  average  strike  of  about  N.  25 "*  E.  split  off  from  the  main  Sunnyside 
lode.  The  junctions  in  this  case  have  not  been  exposed  underground, 
but  from  the  similar  character  of  their  filling  it  is  highly  probable 
that  these  fissures,  like  those  of  Silvei*  Lake  Basin,  were  all  filled 
at  the  same  time,  and  were  therefore  probably  formed  practically 
simultaneously. 

Still  a*  third  and  interesting  case  of  branching  fissures  is  that  at 
Lake  Como,  partially  and  somewhat  diagrammatically  represented  on 
the  map  (PI.  III).  A  view  of  some  of  these  lodes  is  shown  in  PI.  VIII. 
In  this  instance,  again,  the  lodes  are  all  of  similar  character  and  all 
appear  to  have  been  formed  contemporaneously. 

Another  mode  of  coordination  sometimes  observed  in  groups  of  fis- 
sures is  that  which  Lindgren,^  following  Daubree,  has  described 
under  the  name  of  conjugated  fissures — i.  e.,  in  the  particular  region 
described  by  Lindgren,  fissures  having  generally  parallel  strikes  but 
dipping  symmetrically  in  opposite  directions.  In  the  Silverton  quad- 
rangle, however,  th^  fissures  usually  stand  so  nearly  vertical  that 
such  a  relation,  if  it  exists,  can  not  be  clearly  made  out.  The  differ- 
ence of  dip,  which  would  determine  to  which  subdivision  of  such 
a  conjugated  system  any  given  fracture  would  l>elong,  is  so  slight, 
and  may  bo  so  frequently  found  in  various  portions  of  one  and  the 
same  fracture,  that  it  does  not  seem  practicable  to  recognize  such 
systems.  The  low  angle  of  dip  at  which  most  of  the  Grass  Valley 
and  Nevada  City  lodes  lie  makes  the  conjugated  character  of  the 
fissure  systems  readily  recognizable.  It  is  to  be  noted,  however, 
that  in  such  conjugated  fissures  as  those  above  described  it  is 
assumed  that  the  rocks,  in  fracturing  under  tangential  stress,  yielded 
in  a  vertical  direction,  and  that  the  prisms  consequent  upon  the 
rupturing  lie  horizontal.  But  it  is  obvious  that  if,  for  some  cause, 
the  rocks  could  yield  moi'e  easily  in  a  horizontal  direction,  at  right 
angles  to  the  direction  of  thrust,  then  the  resulting  prisms  would 
stand  vertical  and  the  conjugate  fissures  would,  in  this  case,  form  two 
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intersecting  systems  of  vertical  fractures,  with  their  obtuse  angles  of 
intersection  bisected  by  the  direction  of  the  applied  stress.  Thus 
systems  of  parallel  fissures  flatly  dipping  in  opposite  directions  and 
systems  of  nearly  vertica-l  intersecting  fissures  may  both  result  from 
compressive  stress,  and  may  both  lx»  called  conjugated  fissures.  Fur- 
ther, all  gradations  are  possible  between  these  two  extreme  cases, 
dependent  upon  the  relation  of  the  pi-esent  surface  to  the  original 
direction  of  least  resistance  when  the  fracturing  took  j)lace.  It  is 
quite  possible  that  some  of  the  steeply  dipping  fissures  of  the  Silver- 
ton  quadrangle  which  intereect  nearly  at  right  angles  form  conjugate 
systems  in  the  sense  of  Daubr6e.  The  test  of  this  lies  in  determining 
whether  the  intersecting  fissures  are  of  the  same  or  different  ages. 

RELATION'    OK    FISSURES    TO    KIND    OF   COUNTRY   ROCK   AND   TO   ROCK 

STRUCTURE. 

It  has  already  been  pointed  out  that  fissures  carrying  ore  in  greater 
or  small(»r  amounts  occur  in  practically  all  the  rocks  found  in  the 
quadrangle.  Opportunities  are  rare,  however,  for  observing  directly 
the  charact(*r  of  the  fissures  as  they  pass  from  rocks  of  one  kin<l  to 
another,  and  when  such  observations  are  possible  no  marked  change 
is  apparent.  It  has  been  stated  by  at  least  one  observer,^  that  the 
lod(*s  of  this  region  occupy  contraction  fissures  in  the  volcanic  rocks, 
and  do  not  extend  down  into  the  underlying  schists  or  sediments. 
Nothing  could  be  much  farther  from  the  facts  than  this  assertion. 
Not  only  does  the  distribution  of  the  fissures  disprove  it,  but  at  the 
Green  Mountain  and  Highland  Mary  mines,  in  Cunningham  Gulch, 
the  lodes  may  be  seen  passing  from  the  Algonkian  schists  up  into  the 
overlying  volcanic  rocks  of  the  San  Juan  and  Silverton  series.  In  the 
case  of  the  (Treen  Mountain  mine  no  difference  was  noted  in  the  fissure 
itself,  either  in  width,  direction,  or  general  character,  in  the  older 
schists  and  the  younger  rhyolite  flow-breccia.  The  exact  point  at 
which  the  fissure  passed  from  one  rock  into  the  other  was  not  seen. 
The  Highland  Mary  lode,  where  originally  worked  in  Algonkian 
hornblen<le-schist,  is  a  simple  vein  filling  a  clean-cut  fissure  2  or  3 
feet  in  width.  Toward  the  northwest  the  lode  passes  into  the  vol- 
canic* rocks  of  the  San  Juan  and  Silvertcm  series,  and  becomes  a  rather 
irregular  zon(»  of  fissuring  about  V2  feet  wide  where  observed  at  a 
point  some  1,500  feet  in  elevation  above  the  mine.  In  general  it  is 
apparently  true  that  the  fissures  in  the  Algonkian  rocks  tend  to  be 
simpler  an<l  narrower  than  those  in  the  volcanic  rocks  of  later  age. 
The  fissures  as  a  rule  cut  tlie  schists  cleanly  at  various  angles  with 
till*  schistosity,  which  apparently  exercised  no  influence  upon  the 
direction  of  the  fracturing. 

No  verv  delinite  differences  can  be  observed  in  the  character  of  the 


■  Philin  Argall:  Pnxr.  Colo.  Sci.  Soc\,  Vol.  IV,  1891-1803.  p.  853. 
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Assuring  within  the  various  volcanic  rocks  of  the  quadrangle.  It  is 
very  rarely  possible  to  study  in  any  one  mine  the  passage  of  a  given 
fissure  from  one  rock  into  rock  of  a  different  sort,  and  thus  the  kind 
of  observations  which  could  best  establish  such  characteristic  differ- 
ences, if  they  exist,  is  wanting.  The  massive  lavas  and  indurated 
flow-breccias  seems  to  have  a  general  tendency  toward  comparatively 
simple  Assuring,  such  as  results  in  fissure  veins  of  moderate  size  and 
regularity  or  in  sheeted  zones.  In  the  softer  tuffs  and  volcanic  brec- 
cias the  Assuring  tends  to  be  irregular,  resulting  in  stringer  or  breccia 
lodes.  Irregular  Assuring  appears  to  be  favored  also  by  alternations 
of  harder  and  softer  members  of  the  nearly  horizontal  volcanic 
series,  as  at  the  North  Star  (King  Solomon)  mine.  In  this  instance 
the  softer  rocks  were  regarded  by  the  minera  as  the  more  favorable 
for  ore.  According  to  Purington,^  in  the  northeast  comer  of  the 
Telluride  quadrangle  the  fissures  passing  from  the  San  Juan  formation 
and  massive  andesite  up  into  the  Potosi  rhyolite  series  contain  there 
less  ore,  and  appear  to  have  originally  formed  with  less  open  space 
than  in  the  underlying  andesitic  rocks.  There  are  no  workings  in  the 
Silverton  quadrangle  which  afford  an  opportunity  to  verify  this  state- 
ment, but  the  Potosi  rhyolite  is  generally  regarded  by  the  miners  as 
unfavorable  to  ore  in  the  i-egion  where  it  prevails.  Near  the  head  of 
Porphyry  Gulch,  however,  a  vein  carrying  galena  and  sphalente  ore 
up  to  10  inches  in  width  has  been  prospected  in  the  Potosi  rhyolite. 
The  vein  strikes  N.  50°  E.  It  can  be  followed  for  a  short  distance  to 
the  southwest,  over  the  bare  rhyolitic  surface,  when  it  either  dies  out 
or  is  cut  off  by  a  numerous  series  of  small,  nearly  east-and-west  frac- 
tures filled  with  whit.e  quartz  and  often  showing  excellent  illustrations 
of  linked- vein  structure  on  a  small  scale. 

In  the  intrusive  stocks  of  monzonite,  such  as  that  of  Sulta,n  Moun- 
tain, the  fissures  are,  as  a  rule,  of  simple  regular  character  and 
moderate  width.  They  are  usually  occupied  by  fairly  simple  Assure 
veins,  subject  to  local  contractions  or  enlargements,  but  seldom  lose 
their  simple  linear  character.  As  examples,  may  be  cited  the  Assures 
of  the  North  Star,  Hercules,  and  Little  Dora  veins  in  Sultan  Moun- 
tain, and  of  the  Hamlet  vein  near  Middleton. 

The  foregoing  generalizations  are  admittedly  based  upon  scanty 
data,  and  are  to  be  considered  rather  as  suggestions  indicating  lines 
of  futuie  inquiry  than  as  authoritative  statements  of  facts. 

As  a  rule,  local  geological  structure  has  had  very  little  discovera- 
ble influence  upon  the  Assuring.  The  lack  of  any  regular  relation 
between  fissures  and  schistosity  has  already  been  pointed  out.  CJon- 
taets  l)etween  rocks  of  different  kinds  and  ages  also  appear  to  have 
had  but  little  effect  upon  the  fracturing  and  subsequent  veining. 
This  is  partly  due  to  the  fact  that  the  contacts  are  frequently  nearly 
horizontal,  while  the  Assuring  took  place  along  nearly  vertical  planes. 

1  Eighteenth  Ann.  Rept.  U.  S.  Geol.  Survey,  Pt.  Ill,  18»8,  p.  774. 
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Searcli  was  made  in  Cunningham  Gulch,  along  the  Uncompahgre, 
and  at  other  points  for  any  evidence  of  the  divei*sion  of  fractures  and 
iiiiiieralizing  solutions  along  the  contact  of  the  older  schistose  terrane 
with  the  volcanic  series,  but  with  negative  results. 

Lines  of  iissuring  in  this  region  are  occasionally  determined  by 
igneous  dikes.  Thus  the  Magnolia,  a  superficially  prospected  north- 
west-southeast lode  just  northeast  of  Silver  Lake,  follows  for  some 
distance  an  andesitic  dike  about  6  feet  wide  which  curves  across  the 
irulch  towanl  Round  Mountain.  Both  this  dike  and  a  larger  one 
which  crosses  it  are  irregularly  fissured  and  traversed  by  poorly 
mineralized  quartz  stringers  along  the  greater  part  of  their  exposed 
lengths.  A  similar  occurrence  was  noted  on  the  south  side  of  Ken- 
dall Gulch  about  a  mile  a  little  east  of  south  from  Kendall  Moun- 
tain, where  a  vein  about  6  inches  wide  lies  on  the  south  side  of  a 
nearly  east-and-west  andesitic  dike.  None  of  these  fissures  have  yet 
proved  of  much  economic  importance. 

DISPLACEMENT    OR    FAULTING    AS    AN    ACCOMPANIMENT    OF    THE 

FISSURING. 

In  a  few  cases  only,  and  those  of  relatively  unimportant  lodes,  has 
tangential  dislocation  been  detected  as  a  consequence  or  accompani- 
ment of  the  original  fissuring.  The  abandoned  Moles  mine,  3  miles 
south  of  Silverton,  is  on  a  vein  about  2  feet  wide  which  apparently 
fills  a  fault  fissure  of  noticeable  throw.  The  head  of  Deer  Park 
Creek  is  crossed  by  a  nearly  north-and-south  fault,  with  the  down- 
throw on  the  west  side,  which  is  accompanied  by  some  brecciation 
and  veining  of  the  schists  along  the  fracture  and  with  unimportant 
mineralization. 

On  the  eastern  side  of  Ironton  Park,  as  shown  in  the  Saratoga  and 
Baltic  mines,  the  formation  of  a  parallel  senes  of  approximately 
northeast-southwest  fissures  has  been  accompanied  by  obvious  fault- 
ing. These  fissures,  as  a  rule,  dip  steeply  to  the  southeast.  In  all 
cases  where  it  could  be  made  out  the  faulting  is  normal,  and  the 
maximum  throw,  as  observed  on  the  Mono  vein,  can  hardly  be  less 
than  100  feet.     This  fissure  carries  a  body  of  low-grade  pyritic  ore. 

In  the  northeastern  portion  of  the  quadrangle  the  field  work  of 
Messrs.  Cross  and  Spencer  appears  to  demand  considerable  faulting 
along  some  of  the  prominent  vein  fissures.  But  as  there  are  no  exten- 
sive underground  workings  in  this  portion  of  the  area  the  evidences 
of  such  faulting  did  not  come  under  my  observation.  * 

Notwithstanding  the  foregoing  exceptions,  it  remains  true  that  such 
disphicement  as  occurred  in  connection  with  the  formation  of  most  of 
the  principal  productive  lodes  was  slight  in  amount,  although  proba- 
bly not  wholly  absent.  Moreover,  the  peculiar  branching  aiTange- 
ment  of  many  of  the  fissui^es,  described  on  page  52,  and  their  disposition 
en  echelon,  as  in  the  Silver  Lake  and  Iowa  mines  (p.  157),  would  seem 
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opposed  to  the  idea  that  any  considerable  tangential  displacement  of 
the  walls  had  taken  place  during  their  opening.  In  the  King  lode,  south 
of  Silverton,  and  in  other  fissures  cutting  the  schists,  there  is  no  recog- 
nizable displacement  or  throw  of  the  individual  schistose  bands  by  the 
Assuring.  Slickensiding  of  the  fissure  walls  prior  to  the  deiX)sitioii  of 
the  ore  has  been  nowhere  recognized.  In  the  Telluride  quadrangle, 
where  the  occurrence  of  workable  lodes  in  nearly  horizontal  sediments 
gives  better  opportunities  than  are  usually  available  in  the  Silverton 
area  for  detecting  and  measuring  displacement,  Purington*  evidently 
saw  little  clear  evidence  of  it.  Beyond  recording  a  vertical  separation 
of  1  foot  by  normal  faulting  in  the  San  Bernardo  mine,  and  conclud- 
ing from  the  shape  of  the  ore  bodies  of  the  Virginius  and  Smuggler- 
Union  mines  that  the  spaces  they  occupy  were  probably  formed  by 
faulting  of  the  same  kind,  he  makes  no  further  reference  to  faulting 
as  accompanjing  the  formation  of  the  ore-bearing  fissures,  although 
pointing  out  the  desirability  of  future  study  in  this  direction.  In 
nearly  horizontal  rocks  faulting  in  which  the  movement  is  confined 
chiefly  to  the  horizontal  component  (offset  or  heave)  is  not  readily 
detected  when  of  snmll  amount,  and  was  noted  only  in  the  few  cases  in 
which  later- filled  fissures  have  cut  productive  lodes,  displacing  the 
latter. 

The  absence  of  considerable  displacement  as  an  accompaniment  of 
the  opening  of  lode  fissures  is  not  a  special  peculiarity  of  the  Silverton 
quadi'angle,  but  is  of  verj'  common  occurrence.  In  fact,  it  seems  to 
be  comparatively  rare  to  find  more  than  very  moderate  faulting  in 
fissures  which  have  formed  productive  lodes. ^ 

INTERSECTIONS   AND   RELATIVE   AGES   OF   FISSURES. 

In  a  region  where  the  fractures  are  so  numerous  and  possess  such 
diverse  trends  intersections  must  necessarily  be  of  frequent  occur- 
rence. But  as  veins  at  such  points  are  particularly  susceptible  to 
disturbance  by  later  movements  of  the  rocks  and  to  superficial  disin- 
tegration, the  study  of  these  intersections  is  often  difficult.  The  pres- 
ence of  seams  of  cla}'  or  gouge,  due  to  these  later  or  postmineral 
movements  and  the  entrance  of  oxidizing  watei-s,  nmy  so  obscui'e  the 
original  relationship  at  the  junction  of  two  fissures  as  to  render  any 
conclusive  determination  of  relative  age  impossible  when  no  conspicu- 
ous faulting  of  one  of  the  fissures  has  taken  place  to  give  the  desii*ed 
information. 

In  many  cases  in  the  Silverton  quadrangle  intersecting  fissures  have 
been  formed  nearly  or  quite  simultaneously  and  filled  by  one  process 
of  vein  deposition.  This  is  true  of  the  assemblage  of  branching  fis- 
suies  worked  in  the  Silver  Lake  and  Iowa  mines,  and  probably  so  of 
the  Placer  (rulch  and  Lake  Como  fissures.     It  is  also  possible  that 


1  L<xr.cit..i).78<». 
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many  of  the  fissures  intersecting  nearly  at  right  angles  (conjugate 
fissures)  were  produced  by  a  single  principal  stress.  In  the  greater 
numbei-  of  instances,  however,  in  which  lodes  are  known  to  intereect, 
the  exposures  are  such  as  leave  the  actual  character  of  the  crossing 
and  the  relative  ages  of  the  fissures  in  doubt.  They  may  or  may  not 
have  been  simultaneously  formed. 

Fairl}'  clear  evidence  of  the  intersection  of  an  earlier  vein-filled 
fissure  bj"  a  later  one  without  recognizable  faulting  was  obtained  at 
several  points.  The  prominent  lode  outcropping  along  the  crest  of 
Green  Mountain  crosses  and  is  distinctly  younger  than  a  strong  vein 
of  V)arren  quartz,  about  10  feet  wide,  which  is  accompanied  by  several 
parallel  minor  veins  and  strikes  about  X.  60°  E.,  dipping  80°  to  85° 
southeasterly.  The  younger  lode  has  a  general  strike  of  about  N.  30° 
W.  and  a  steep  southwesterly  dip.  The  intersection  is  thus  approxi- 
mately rect^augular,  and  is  not  accompanied  by  faulting,  so  far  as 
could  be  seen.  In  the  complex  network  of  Galena  Mountain  it  was 
found  that  at  least  one  of  the  several  north-and-south  veins  was  cut 
by  at  least  one  of  the  numerous  veins  striking  nearly  N.  25°  W.,  and 
these  in  turn  are  apparently  intei'sected  in  several  instances  b}-  lodes 
trending  about  N.  65°  W.  One  of  the  latter  was  also  observed  to  cut 
a  lode  striking  about  N.  30°  E.  In  none  of  the  cases  mentioned  was 
the  intersection  accompanied  by  visible  results  of  faulting.  Other 
probable  examples  of  northwest  lodes  cutting  northeast  lodes  occur 
on  Treasure  Mountain,  but  the  exposures  were  not  such  as  to  place 
the  question  of  relative  age  beyond  doubt. 

The  shaft  of  the  San  Juan  Chief  mine  was  sunk  at  the  crossing  of 
two  lodes,  but  it  is  by  no  means  clear  that  they  are  of  different  age. 
The  main  lode,  striking  about  N.  40°  E.,  formerly  produced  some  ore 
from  surface  workings.  The  fact  that  in  their  underground  develop- 
menl  the  owners  of  the  mine  appear  to  have  inadvertently  drifted 
along  the  barren  intersecting  lode,  striking  about  X.  60°  E.,  is  the 
onl}"  indication  that  the  latter  may  be  younger. 

In  three  places  only  were  lodes  found  to  be  faulted  by  later  trans- 
verse vein-filled  fissures.  The  King  lode,  in  Cataract  Gulch,  2  miles 
south  of  Silverton,  with  a  strike  of  N.  6°  W.  and  a  dip  of  about  80° 
to  the  west,  is  faulted  by  a  small  approximately  east-and-west  quartz 
vein,  dipi)iiig  south  at  about  50".  By  this  faulting  the  northern  portion 
of  the  King  lode  is  thrown  about  12  feet  to  the  westward.  In  the 
Silver  Lake  mine  the  imi)ortant  New  York  City  vein,  with  an  average 
strike  of  about  X.  20°  W.,  and  dipping  generally  northeast  at  about 
SO",  is  cut  by  a  faulting  lode,  which,  where  best  exposed,  is  a  breccia 
zone  al)()ut  6  feet  wide,  composed  of  sharply  angular  fragments  of 
country  rock  ('(Mnented  by  quartz  carrying  a  little  worthless  ore. 
This  tault  lissure  strikes  apparently  about  X.  73°  E.  and  dips  about 
7^)  lo  the  south.  The  Xew  York  City  vein  is  displaced  in  the  same 
way  and  to  about  the  same  degree  as  the  King  lode.     In  the  Ridgway 
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mine  the  main  lode,  with  a  strike  ol*  about  N.  40°  E.,  is  faulted  by  the 
Alaska  lode,  with  an  average  stnke  of  about  N.  25**  AV.  The  fault 
here  is  appai*ently  of  the  same  kind  as  those  just  described — an  offset 
of  the  northern  portion  of  the  main  lode  to  the  westward,  but  the 
developments  in  the  Ridgway  mine  were  not  sufficiently  extensive  in 
1899  to  clearly  show  the  relations.  It  is  interesting  to  find  that  the 
three  observed  cases  of  faulting  of  one  lode  by  another  are  of  like 
character.  In  each  case  the  lode  running  most  nearly  north  and 
sou  til  has  been  faulted  by  barren  or  low-grade  lodes  trending  more 
nearly  east  and  west.  While  the  number  of  observations  is  at 
present  too  small  to  serve  for  the  formulation  of  a  general  rule  for 
the  quadrangle,  their  unanimity  is  suggestive  of  the  possibility  that 
such  a  rule  may  be  laid  down  in  the  future.  Even  now,  in  the  event 
that  a  productive  lode  in  the  southeastern  portion  of  the  quadrangle 
should  be  found,  on  drifting  northward,  to  l)e  cutoff  by  a  more  nearly 
east-and-west  lode  with  southerly  dip,  the  miner,  in  the  absence  of 
other  clues,  is  not  utterly  at  a  loss,  but  may  reasonably  hope  to 
regain  his  ore  by  crosscutting  westward  after  drifting  beyond  the 
interruption. 

That,  after  the  original  deposition  of  the  important  ore  bodies, 
there  was  at  least  one  period  of  minor  Assuring,  followed  by  fresh 
deposition  of  quartz,  is  abundantly  shown  in  many  of  the  lodes  of  the 
region.  Thus,  in  the  Royal  Tiger,  the  Dives,  the  Tom  Moore,  the 
Sunnyside,  the  Red  Cloud,  the  Polar  Star,  and  various  other  mines 
and  prospects  the  original  ore  has  been  fissured  or  brecciated,  and 
subsequently  healed  with  generally  barren  or  low-grade  quartz.  In 
the  Tom  Moore  the  later  veinlets  are  notable  in  carrying  small 
amounts  of  native  copper  in  the  quartz.  This  later  fracturing  is  not 
always  conspicuous,  but  small  stringers  of  quartz,  sometimes  with 
rhodonite  and  carbonates,  can  usually  be  detected  cutting  the  ore  when 
the  latter  is  examined  in  considerable  masses.  This  is  by  no  means 
a  rare  i^henomenoii  in  lodes  in  general,  which  are  in  most  cases  com- 
plex structures,  resulting  from  successive  fissurings  and  fillings. 
Such  complexity,  other  conditions  being  the  same,  is  more  likely  to 
be  prominent  in  lodes  of  which  the  initial  fractures  were  opened  at 
an  early  geological  period.  The  lodes  of  the  Silverton  quadrangle 
show  much  less  evidence  of  repeated  movements  and  filling  than  do 
the  auriferous  lodes  of  the  Sierra  Nevada,  which  were  probably  ini- 
tiated at  the  close  of  the  Jurassic  or  in  earlv  Cretaceous  time. 

ft/ 

Still  vounger  than  anv  of  the  fractures  hitherto  described  are  numer- 
ous  fissures,  usually  noticeable  only  in  mine  workings  in  which  neither 
quartz  nor  ore  has  been  deposited.  These  are  the  "slips,"  "gouge 
seams/'  or  "breaks"  of  the  miners.  As  these  names  partly  indicate, 
tlu^  fissures  are  generally  filled  with  a  wet,  plastic,  grayish  clay,  or 
gou<4e,  which  is,  as  a  rule,  merely  altei*ed  and  ground-up  country  rock, 
resulting  from  the  attrition  of  the  fissure  walls.  The  presence  of  this 
unctuous  gouge,  when  sharph^  limited  by  harder  country  rock  or  vein 
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filling,  is  taken  to  indicate  relative  movement  of  the  walls,  not  neces- 
sarily resulting  in  any  gi'eat  net  displacement.  In  other  words,  they 
are  fault  planes  of  greater  or  less  movement,  possibly  oscillatory.  The 
width  of  these  post-mineral  fractures,  as  they  are  sometimes  con- 
veniently called,  may  vary  from  a  nari'ow,  scarcely  noticeable  clay 
seam,  up  to  zones  12  feet  or  more  in  width,  in  which  the  gouge  is 
mingled  with  masses  of  shattered  country  rock,  and  of  which  the  most 
notable  example  is  found  in  the  zone  of  so-called  *' broken  ground" 
in  the  Silver  Lake  mine  (seep.  154).  Occasionally  the  fine  clayey  mate- 
rial is  lacking  and  the  fracture  is  the  course  of  a  copious  stream  of 
water.  Such  a  fissure  was  encountered  in  the  Silver  Lake  mine  in 
crosscutting  to  the  New  York  City  vein  on  level  C,  and  the  same  or  a 
similar  water-bearing  fracture  was  subsequently  cut  in  the  Unity  tun- 
nel about  400  feet  lower.  Since  these  post-mineral  fractures  can  be 
studied,  as  a  rule,  only  in  the  vicinity  of  the  lodes,  and  as  they  are 
frequently  directly  connected  with  the  latter,  they  may  be  conven- 
ientlv  classed  as  follows: 

(1)  Strike  fractures  generally  parallel  with  the  lode. — These  are  most 
commonly  seen  as  gouges  next  the  hanging  or  foot  wall  or  in  the 
country  rock  near  to  and  approximately  parallel  with  the  lode  in  strike 
and  dip.  Gouge  seams  of  this  class,  although  not  generally  charac- 
teristic of  the  lodes  of  the  Silverton  quadrangle,  are  frequently  well 
exhibited.  They  are  found  on  both  foot  and  hanging  wall  of  the  Silver 
Lake  lode,  particularly  the  latter,  and  also  in  the  country  rock  for  a 
distance  of  several  feet  on  either  side  of  the  main  fissure.  When  such 
later  fractures  have  followed  a  previously  existing  vein  or  stringer 
they  usually  contain  crushed  vein  quartz  mingled  with  the  gouge. 

(2)  Strike  fractures  dipping  at  considerable  angles  with  the  lode, — 
These  are  not  so  common  as  the  foregoing,  but  sometimes  occur.  The 
ore  in  this  case  will  be  found  to  rest  locally  on  a  bench  or  step  of 
country  rock,  separated  from  the  latter  by  a  clay  seam  of  varying 
thickness.  An  example  of  this  structure  was  noted  in  a  stope  on  the 
Silver  Lake  lode  (see  p.  152,  fig.  11).  Such  an  occurrence  needs  to  be 
carefully  distinguished  from  the  steps  or  benches  of  ore  formed  by  the 
original  opening  of  a  somewhat  irregular  fissure  by  thrust  faulting. 
In  this  ease  there  should  normally  be  no  gouge  between  the  ore  and 
the  countrN'  rock  upon  which  it  rests. 

{3)  Cross  fractures  differing  from  the  lode  in  both  strike  and  dip, 
(ukI  cuffing  it  at  an  appreciable  angle. — These  are  observed  in  nearly 
all  extensive  workings,  and  are  sometimes  fairly  abundant  and  regu- 
lar, as  in  the  case  of  those  which  cut  the  Silver  Lake  lode  (p.  151). 

l>esi(h»s  the  three  classes  noted,  various  irregular  fractures  occur  in 
almost  all  lodes  which  can  not  be  definitely  grouped. 

Th<»  i)()st-mineral  fractures  are  simply  of  local  importance  to  indi- 
vidual deposits,  and  it  has  not  proved  practicable  to  discuss  and 
classify  them  with  reference  to  the  quadrangle  as  a  whole.     Their 
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possible  bearing  upon  secondary  enrichment  of  the  pnmary  ore 
deposits  will  be  discussed  in  another  part  of  this  report. 

To  briefly  recapitulate,  while  many  of  the  fissures  in  the  Silvei'ton 
quadrangle,  including  some  which  differ  widely  in  direction,  were 
formed  at  substantially  the  same  time,  there  have  been  later  periods 
of  tissuring,  also  followed  by  vein  deposition.  The  oldest  fissui-es 
known  liave  a  course  somewhat  east  of  north,  and  appear  to  have 
been  successively  cut  bj^  later  fissures  ai^proaching  more  and  m<)i*e  to 
an  east-and-west  strike.  This  generalization,  however,  should  not  be 
taken  too  rigidly,  as  it  is  very  probable  that  whenever  a  prominent 
set  of  nearly  parallel  fissures  were  formed,  other  fissui'es  intersecting 
the  dominant  set  at  various  angles  were  produced  at  the  same  time. 
Lastly,  there  has  been  fissuring  not  followed,  ae  far  as  known,  by  any 
deposition  of  quartz  or  ore  in  the  resulting  fractures. 

The  evidence  afforded  by  the  intersections  as  to  the  possible  conju- 
gate character  of  the  dominant  northeast-southwest  and  northwest- 
southeast  fissures  is  unfortunately  inadequate,  owing  to  lack  of  satis- 
factory exposures  of  such  junctions  to  determine  the  question  one 
wav  or  the  other. 

■ 

GEOLOGICAL    AGE   OF  THE   FISSURES. 

Beyond  the  statement  that  the  ore-bearing  fissures  of  the  Silverton 
quadrangle  are  of  Tertiary  and  probably  of  late  Tertiary  age,  it  is 
not  at  present  possible  to  fix  the  exact  geological  time  at  which  the 
first  considerable  fracturing  took  place.  More  precise  knowledge 
waits  upon  a  determination  of  the  exact  age  of  the  Telluride  conglom- 
erate and  the  San  Juan  and  later  volcanic  formations.  The  Telluri<le 
formation,  which,  when  present,  underlies  the  volcanic  rocks,  has 
been  provisionally  referred  to  the  Eocene  by  Cross. ^  It  is  difficult  to 
conceive  of  its  being  older  than  this,  as  it  has  been  found  by  Cross  to 
rest  unconformably  on  the  Colorado  Cretaceous  shales.  The  Telluride 
fornuition  and  the  younger  volcanic  series  have  lieen  cut  by  several 
great  intrusive  masses  of  monzonite,  such  as  the  Sultan  Mountain 
stock,  which  is  thus  the  most  recent  rock  in  the  quadrangle  and  can 
hardly  be  older  than  the  Neocene.  Since  the  lodes  occur  in  the  mon- 
zonite as  well  as  in  other  rocks  of  the  area,  their  formation  x)rob- 
ably  does  not  antedate  the  latter  x)art  of  the  Tertiary,  and  may, 
indeed,  have  extended  into  the  Pleistocene. 

PROBABLE    DEPTH   AT   WHICH    THE    PORTIONS   OF  THE    FISSURES    NOW 

EXPOSED    WERE   ORIGINALLY   FORMED. 

According  to  Cross,^  the  maximum  thickness  of  the  volcanic  rocks 
in  the  Telluride  quadrangle  was,  in  round  numbei*s,  5,000  feet. 
Owing  to  the  varying  thickness  of  different  members  of  these  series 


»Geolosric  Atlas  U.  S.,  folio  57,  Telluride,  Colorado;  also  Proc.  Colo.  Sci.  8oc,  Vol.  V,  l«W-18e6, 
pp.  rSio-lMl. 
^  Telluride  foli«>. 
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in  the  Silverton  quadrangle,  no  very  close  estimate  can  be  made  of 
the  average  thickness  of  the  volcanic  accumulations  over  the  quad- 
rangle as  a  whole.  It  may  provisionally  l>e  estimated,  however,  as 
from  o,0(X)  to  6,000  feet.  As  no  traces  of  any  extensive  later  deposits 
have  been  found  in  the  San  Juan,  it  may  be  assumed  that  this  thick- 
ness represents  practically  the  total  deposition  from  the  beginning  of 
Tertiary  time.  As  most  of  the  lodes  worked  at  the  present  day  occur 
within  the  volcanic  series,  and  often  from  1,000  to  3,000  feet  above  its 
base,  it  is  evident  that  the  portions  of  the  fractures  now  accessible 
must  have  been  formed  at  geologically  moderate  depths — that  is,  prob- 
ably under  0,000  feet.  When,  further,  it  is  remembered  that  erosion 
proceeded  concurrently  with  the  Assuring  and  probably  made  rapid 
headway  during  the  i)rogress  of  ore  deposition,  it  appears  that  many 
of  the  ore  deposits  must  have  been  formed  well  within  depths  fre- 
quently reached  by  mining  operations.  It  might  l>e  expected  that 
under  these  circumstances  there  would  be  a  recognizable,  although 
probably  not  very  intimate,  relationship  between  the  ore  as  originally 
deposited  and  the  present  topographic  surface.  The  full  discussion 
of  this  subject,  however,  brings  up  questions  whose  solution  properly 
belongs  in  another  place,  and  which  are  treated  in  the  section  on  the 
origin  of  the  lode  and  stock  ores. 

PERSISTENCE    OF  THE   FISSURES  HORIZONTALLY   AND   IN  DEPTH. 

Fissures  are  not  of  indefinite  extent  either  horizontally  or  vertically. 
No  fixed  limit,  however,  can  be  assigned  to  the  length  which  a  given 
fissure  may  attain.  It  depends  upon  the  magnitude  of  the  stress  that 
produced  the  fissuring  and  upon  the  relative  movement  which  has 
taken  place  between  the  walls.  Great  relative  movement  results  in  a 
long  fissure,  but  as  profound  faulting  appeara  to  be  usually  not  favor- 
al)le  to  the  subsequent  formation  of  a  lode,  there  is  a  certain  variable 
limit  beyond  which  length  is  to  be  regarded  as  an  unfavorable  factor 
in  the  productiveness  of  a  fissure  lo<le.  There  are,  however,  certain 
notal)le  exceptions  to  the  foregoing  general  rule  that  should  not  be 
ignored.  Thus  the  Merrifield-Ural  lode,  near  Nevada  City,  Cal.,  occu- 
pies, according  to  Lindgren,  a  thrust-fault  fissure  of  probably  over 
1,0(X)  feet  throw.  ^  In  the  Silverton  quadrangle  fissures  vary  greatly 
in  length.  Those  having  a  length  of  2  or  3  miles  are  certainly  not 
uncommon,  and  it  is  very  probable  that  some  of  the  fractures  extend 
continuously  for  as  mucli  as  0  miles.  That  great  length  is  not  neces- 
sary for  the  formation  of  a  productive- deposit  is  shown  by  the  occur- 
rence of  such  lodes  as  the  Iowa,  Steezner,  and  East  Iowa,  which  can 
scarcely  be  longer  than  a  quarter  of  a  mile,  and  which  die  out  at  their 
soutluMii  ends  in  small  branching  fractures.  The  exact  length  of  a 
fissun'  is,  of  course,  rarely  determinable,  as  practical  exploitation  sel- 
dom follows  a  lode  to  its  total  disappearance. 


1  (iold(iuartz  veins  of  Nevada  City  and  Oraaa  Valley  districts;  Seventeenth  Ann.  Kept.  U.  S. 
Geol.  Survey,  Pt.  II,  1896,  p.  167. 
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The  formation  of  fraetiires  is  limits  vertically  by  that  depth  below 
which  the  rocks  are  under  such  pressure  that  no  lissures  can  form. 
As  the  zone  of  fracture,  according  to  Hoskins  and  Van  Hise,*  has  a 
depth  of  about  10,0(X)  meters  (33,(X)o  feet),  and  as  fractures  may  also 
form  in  the  still  deeper  zone  of  combined  flowage  and  fracture,  it  is 
plain  that  this  limit  will  never  be  reached  in  mining  operations.  But 
many  fractures  undoubtedly  die  out  long  before  reaching  this  ulti- 
mate limit.  The  longer  horizontal  and  the  vertical  dimensions  of  the 
fissures  were  probably  originally  nearly  the  same,  and  it  is  not  likely 
that  the  present  depth  of  any  fissure  very  greatly  exceeds  its  length. 
The  depth  will  at  least  be  roughly  i>roportional  to  length.  But  the 
depth  to  which  fissures  extend  is  rarely  actually  determined,  as  the 
value  of  the  ore  body  nearly  always  falls  below  the  limit  of  profitable 
working  long  before  the  fissure  itself  disappei^re.  But  that  many 
smaller  fissures  do  die  out  at  moderate  depths  is  a  well-attested  fact.^ 
In  the  Silverton  quadrangle,  where  mining  development  is  as  yet 
restricted  to  moderate  or  slight  depths,  no  well-authenticated  case  is 
yet  known  of  the  actual  dying  out  in  depth  of  a  fissure  which  carried 
workable  ore  at  a  higher  level.  The  ore  may  change  in  character,  or 
may  disappear,  as  in  the  North  Star  (King  Solomon)  mine,  but  the 
fissure  still  continues  to  an  unknown  depth. 

In  such  instances  as  the  last  many  considerations  enter  into  the 
question  as  to  whether  it  is  advisable  to  follow  the  pinched  fissure  to 
greater  depth  in  the  hope  of  finding  new  ore  bodies.  The  first  step 
in  such  an  issue  is  to  determine  whether  the  pinch  is  merely  a  con- 
striction in  a  fissure  extending  to  greater  depth  or  whether  it  signifies 
the  final  diminution  of  the  lode.  This  can  be  decided  only  by  a  care- 
ful consideration  of  the  length  and  strength  of  the  fissure  as  exposed 
above,  of  the  possible  faulting  which  accompanied  its  formation,  and 
of  the  behavior  of  the  fissure  in  those  portions  ali'eady  mined.  If  the 
length  of  the  croppings  be  several  times  the  depth  attained,  if  the 
fissure  be  usually  strong,  if  it  has  been  opened  by  faulting,  and  if  it 
has  been  found  subject  to  local  pinches  al>ove,  it  may  safely  be  con- 
cluded that  it  will  persist  and  open  out  again  with  increased  depth. 
But  equally  important  is  the  question  of  the  character  of  ore  that  may 
be  found  below,  even  if  the  fissure  continue,  for,  as  will  be  fully  dis- 
cussed later  on,  the  ore  contents  of  a  given  fissure  are  not  constant  at 
all  depths,  either  in  kind  or  in  value.  Lastly,  in  connection  with  these 
factors  must  be  considered  the  costs  involved  in  mining  the  ore  from 
an  increased  depth. 

The  foregoing  relates  to  simple  fissures.  Lodes  in  general  exhibit 
similar  characteristics,  but  their  persistency  will  in  the  main  be 
greater  than  that  of  a  simple  fissure.  They  are  subject  to  the  same 
general  laws  as  the  individual  fractures  of  which  they  are  composed. 

iPrlncii)le8  of  North  American  pre-Cambrlan  oology;  Sixteenth  Ann.  Bept.  U.  8.  QeoL 
Survey,  Pt  1, 1896,  p.  693. 
'  Lindgrren,  loc  cit,  p.  168. 
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ORIGIN    OP  THE    FISSURES. 

Th(»  attempt  to  explain  the  origin  of  so  complex  a  network  of  fis- 
sures as  ocelli's  in  the  Si lvert<in  quadrangle  i)resents  many  difficulties. 
No  explanation  that  can  be  at  present  proposed  is  to  be  regarded  as 
complete  or  as  free  from  various  necessary  assumptions.  Our  knowl- 
edge as  to  the  degree  of  homogeneity  of  the  various  rock  masses  under 
strain,  the  depth  at  which  the  fissures  were  originally  formed,  theii 
exact  extent,  direction,  and  distribution,  the  geological  conditions 
obtaining  at  the  time  of  fissuring,  and  numerous  other  essential  data 
are  far  too  fragmentary  to  permit  of  anything  like  rigid  analysis  lead- 
ing to  irrefutable  results.  And  yet  the  problem  is  not  so  hopelessly 
insoluble  but  that  it  may  be  reasonabl}'  taken  up  in  the  hope  of  find- 
ing at  least  a  working  hypothesis  to  account  for  major  features. 

Fissures  in  which  ore  deposits  occur  are  very  commonly  regarded  as 
produced  b}'  tangential  compressive  stress  transmitted  in  nearly  hori- 
zontal planes  bj'  the  rocky  envelope  of  the  earth,  within  what  Van 
Ilise  ^  has  termed  the  zone  of  fracture,  limited  by  a  depth  of  10,000 
meters.  In  many  districts  this  is,  without  much  doubt,  the  immediate 
cause  of  the  fracturing.  Thus,  in  the  Grass  Valley  and  Nevada  City 
region  of  California  the  conjugated  systems  of  flatly  dipping  regular 
lodes,  opened  with  the  accompaniment  of  more  or  less  thrust  faulting, 
were  probably,  as  Lindgren  concludes,  "proiliiced  by  a  succession  of 
compressive  stresses  applied  in  different  directions,  chiefly  from  east 
to  west  and  from  north  to  south."* 

In  accounting  for  the  fissures  of  the  Telluride  quadrangle,  Puring- 
ton"^  an'ived  at  somewhat  similar  conclusions.     He  states: 

From  all  observed  x>heiiomena  it  seems  probable  that  the  fissuring  was  made  by 
forces  acting:  at  time  intervals  not  far  apart  and  at  localities  not  far  removed  from 
one  another,  bince  the  fissurinp:  is  later  than  all  the  rocks  of  the  quadrangle 
[Telluride],  volcanic  disturbances  whose  product  is  now  visible  can  not  be  cited 
to  account  for  it,  but  it  is  entirely  possible  that  later  disturbances  of  volcanic 
nature,  which  did  not  result  in  surface  flows  of  lava,  have  produced  a  straining  to 
the  point  of  rupture  in  the  tract  under  consideration.  It  is  thought,  with  great 
reason,  that  in  the  area  directly  east  and  northeast  of  the  Telluride  quadrangle 
there  are  centers  and  necks  of  volcanic  eruption.  Such  evidence  as  has  been  col- 
lected in  the  present  investigation  points  to  those  quarters  as  the  source  from 
which  the  pressure  came. 

Since  the  fissures  of  the  Telluride  and  Silverton  quadrangles  were 
formed  at  the  same  time  and  undoubtedly  had  a  common  origin, 
Purington's  results  have  an  important  bearing  on  the  problem  in  hand, 
and  it  becomes  necessary  to  scrutinize  them  closely.  The  geological 
mapping  of  the  Silvc^rton  quadrangle  and  reconnaissances  to  the  north 
of  it,  accomplished  by  Cross  and  Spencer  since  Purington's  report  was 
written,  have  failed  to  identify  the  actual  "centers  and  necks  of 

>  L<x;.  oit.,  p.  589. 
»L<)C.  rit.,  p.  170. 
»  Eighteenth  Ann.  Rept.  U.  8.  Geol.  Survey,  Pt.  Ill,  1898,  p.  770. 
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volcanic  eruption  "  referred  to  as  the  possible  sources  of  the  compressive 
stresses  supposedly  effective  in  fissunng:  the  rocks  of  the  Telluride 
quadrangle.  There  is,  however,  ground  for  believing  that  thei*e  may 
have  been  local  manifestations  of  volcanism  in  the  Red  Mountain 
region.  It  is  not  impossible  that  the  plug-like  masses  of  porphyry 
mapped  by  Mr.  Cross  (PI.  IV)  may  occupy  conduits  through  which 
volcanic  materials  reached  a  former  surface  some  thousands  of  feet 
above  the  i)i'esent  one.  The  character  of  the  ore  deposits,  the  intensity 
of  the  associated  metamorphism,  and  the  geological  distribution  of 
the  Tertiary  volcanic  rocks  all  strongly  suggest  that  one  or  more  cen- 
ters of  former  volcanic  activity  underlie  the  Red  Mountain  region. 
This,  of  course,  does  not  mean  that  any  trace  of  volcanic  fonn  remains 
in  the  present  topograph3\  Cones  or  craters,  if  they  existed,  have 
been  obliterated  in  the  evolution  of  the  erosional  forms  of  to-day. 

In  the  Silverton,  however,  no  less  than  in  the  Telluride  area,  the 
greater  part  of  the  fissuring  is  not  only  post-volcanic,  but  is  later 
than  the  monzonitic  intrusions  which  cut  the  volcanic  series.  Thus, 
although  the  vast  volcanic  accumulations  of  the  San  Juan  must  have 
issued  from  local  vents,  the  reference  of  the  forces  w  hich  produced  the 
fissures  to  one  or  more  centers  of  eruption  immediately  east  or  north- 
east of  the  Telluride  quadrangle  as  their  source  is  as  yet  scarcely 
warranted  by  the  facts.  In  this  connection  it  may  be  noted  that  the 
intrusion  of  the  great  stocks  of  mozonite  into  the  rocks  of  both  quml- 
rangles  brings  up  the  rather  perplexing  problem  of  the  mechanics  of 
such  intrusions  and  the  disposition  of  the  rocks  which  formerly  occu- 
pied the  space  now^  filled  by  the  intrusive  mass.  He  would  be  rash 
who  would  assert  that  the  intrusion  of  these  stocks  was  not  accom- 
panied by  strains  and  fissures  in  the  surrounding  rocks,  and  yet  the 
fact  is  clear  that  the  principal  ore-bearing  fissures  of  the  region  wei*e 
formed  after  the  monzonite  had  solidified,  since  they  cut  the  latter  as 
well  as  the  adjacent  formations. 

But  leaving  aside  for  the  present  the  question  of  their  source,  it  is 
necessary  to  investigate  more  fully  the  extent  to  which  tangential 
stresses  of  the  kind  indicated  may  be  regarded  as  an  effective  cause 
of  the  fissuring  of  the  Silverton  quadrangle.  Normally,  in  homoge- 
neous rocks,  such  stresses  might  be  expected  to  produce  systems  of 
conjugated  fissures  of  parallel  strike,  with  dips  not  far  from  45°,  and 
accompanied  by  some,  although  not  necessarily  great,  thrust  faulting; 
i.  e.,  reversed  faulting.  The  actiml  fissures  do  not  confoim  even 
approximately  to  these  conditions.  Assuming  that  the  direction  of 
least  resistance  was  vertical,  it  is  inconceivable  that  fissures  so  nearly 
vertical  and  showing  so  little  evidence  of  thrust  could  have  been 
formed  by  tangential  stress.  Moivover,  such  evidence  of  faulting  as 
Purington  was  able  to  obtain  in  the  Telluride  quadrangle  indicated 
normal  faulting  and  not  thrust  faulting. 

If,  on  the  other  hand,  the  direction  of  least  resistance  was  not  ver- 
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tical,  but  liorizontal,  then  tangential  stress  might  produce  systems  of 
neaily  vertical  fissures  intersecting  nearly  at  right  angles  conjugate 
fissures.  As  shown  by  Daubree's  ^  classic  experiments,  such  fractures 
Mould  be  undulating,  not  strictly  parallel,  and  might  branch  as  do  the 
fissures  of  the  Silver  Lake  Basin.  Moreover,  as  shown  by  Daubree's 
illustrations,  the  walls  of  such  fissures  will  not  necessarily  be  always 
sliekensided,  nor  need  the  faulting  be  in  all  cases  perceptible.  Such 
faulting  as  took  place  would  result  mainly  in  horizontal  displacement, 
or  olTset,  and,  not  being  necessarily  great  in  amount,  might  be  easily 
overlooked.  It  is  possible  in  this  way  to  account  for  much  of  tlio 
fissuring  of  the  Silverton  quadrangle,  and  i)erhap8  this  view  best 
explains  the  two  dominant  directions  of  fissuring  intersecting  nearly 
at  right  angles. 

This  hypothesis  that  the  dominant  northeast-southwest  and  north- 
west-southeast fissures  were  formed  by  compressive  stress,  acting 
neaily  horizontally,  although  the  direction  of  least  resistance  which 
it  presupposes  is  not  that  whicli  would  api)ear  most  probable,  seems 
to  offer  fewer  serious  objections  than  any  other  that  has  been  devised. 
Fissures  of  contraction  they  cert-ainly  can  not  be,  for  they  cut  indif- 
ferently rocks  of  most  diverse  age,  character,  and  origin.  Fissures 
originating  from  tensional  strains  would  probably  be  more  irregular 
and  would  not  be  associated  with  close  parallel  sheeting  of  the  rock. 
Tc^nsion  would  find  relief  in  a  single  fissure  rather  than  in  a  series  of 
closely  spaced  parallel  fractures.  Shearing  strains  due  to  differen- 
tial elevation  or  subsidence  might  culminate  in  fissures,  but  these 
could  not  be  expected  to  show  the  general  regularity  and  the  per- 
sistency of  the  principal  fissures  of  the  Silverton  quadrangle,  and 
would  probably  reveal  evident  faulting.  Faults  probably  due  to  such 
forces  occur  within  and  about  the  quadrangle,  but  they  rarely  con- 
tain ore  deposits.  Torsional  stress,  which  by  Daubree^is  regarded 
as  a  system  of  pressures,  and  by  Becker  ^  as  a  sj'stera  of  tensions,  is 
capable  of  producing  systems  of  parallel  fissures  intersecting  at 
nearly  *Mf  as  well  as  radial  fissures!  It  may  at  times  ])e  impossible 
to  distinguish  such  fissures  from  those  formed  by  simple  pressure. 
But  the  lissures  i)roduced  b}'  torsion  are  in  general  decidedly  curved, 
with  a  more  strongly  marked  radial  disposition.  Their  character- 
istics are  given  in  detail  by  Becker  in  the  paper  cited.  In  a  homo- 
g<'U(M)us  block  subjected  to  pressure,  th(^re  are  formed,  in  addition  to 
the  inain  conjugate  fractures,  various  more  or  less  irregular  fractures, 
ma k lug  angl<»s  of  less  than  45°  with  the  direction  of  pressure,  and 
ficquiMitly  branching  from  the  main  fissui^es  (see  Daubree,  loc.  cit., 
ri.  II).  Such  fractures  are  comparable  with  the  branching  fissures 
of  Silvi'r  Lake  Basin  and  Placer  Gulch.     For  this  reason,  and  on 


'  Ktudfs  Syuthetiques  de  Goologie  Exp^^rimentale,  Paris,  1879,  PI.  II. 

'^  L<y<'.  rit.,  p.  '.iih 

=*  Torsional  theory  of  joints:  Trans.  Am.  Inat.  Min.  Eng.,  Vol.  XXIV,  18W,  p.  137. 
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account  of  the  prepouderance  of  nearly  north-and -south  fractures 
over  nearly  east-and-west  fractures,  it  is  thoujjcht  that  the  effective 
stress  producing  the  i)rincipal  Assuring  of  the  quadrangle  may  have 
acted  in  a  north-and-south  direction.  Further,  since  there  is  no 
known  source  of  such  stress  exterior  to  the  quadrangle  and  imme- 
diately adjacent  region,  it  is  thought  probable  that  the  stresses  were 
generated  chiefly  within  the  quadrangular  area,  by  slight  vertical 
movements  following  the  enormous  transfer,  in  Tertiary  time,  of  vol- 
canic material  from  an  intratelluric  to  a  superficial  position,  and  that 
the  surrounding  country  merely  acted  as  a  relatively  passive  buttress 
against  which  the  thrust  was  directed.  In  other  words,  it  is  believed 
that  the  stresses  were  due  principally  to  local  gravitative  readjust- 
ment. Some  genetic  connection  between  the  volcanism  and  the  sub- 
sequent fissuring,  mineralization,  and  veining  can  scarcely  be  doubted, 
as  these  phenomena  rapidly  diminish  in  intensity  away  from  the  vol- 
canic district  of  the  San  Juan  Mount^iins.  It  does  not  seem  possible 
at  present  to  do  much  more  than  suggest  that  hypothetical  relation 
which  seems  to  adhere  most  closely  to  the  known  facts. 

In  addition  to  the  principal  stress  outlined,  there  were  doubtless 
many  minor  directions  of  stress  set  up  at  various  times,  some  contem- 
poraneous with  the  principal  north-and-south  stress  and  oth^.rs  ear- 
lier or  later,  frequently  leading  to  the  production  of  minor  local  fissure 
systems.  These  also  were  probably  in  part  compressive  tangential 
thrusts,  and  it  is  the  existence  of  these  widely  differing  directions  of 
effective  stress  that  furnishes  one  of  the  strongest  arguments  against 
seeking  sources  for  the  latter  outside  of  the  region  itself.  It  is  exceed- 
ingly improbable  that  there  should  have  been  set  up  at  various  widely 
separated  points  in  the  relatively  undisturbed  regions  inclosing  the 
volcanic  area,  stresses  which  were  to  find  their  most  energetic  expres- 
sion in  the  fissuring  of  the  area  itself.  It  seems  likely  that  torsional 
strains  also  had  their  place  in  the  readjustments  following  volcanism. 
Sucli  a  complex  of  fissures  as  that  around  Lake  Como  seems  hardly  to 
admit  of  any  other  satisfactory  explanation.  The  probability  that 
torsion  lias  been  a  factor  in  the  minor  fissuring  of  this  region  has  been 
suggested  by  S.  F.  P^mmons.^  It  seems  not  unlikely  that  earthquake 
shocks,  to  whi(*li  th(»re  is  good  reason  to  suppose  the  region  was  sub- 
jected during  the  faulting  and  principal  fissuring  accompanying  post- 
volcanie  readjustments,  may  have,  in  some  instances,  transformed 
torsional  strain  into  actual  fissuring,  as  suggested  by  Crosby.* 

In  cuiiclusioii,  it  may  be  well  to  recall  the  coni[)lex  forces  and  results 
that  enter  into  the  fissuring  under  simple  pr(\ssure  of  a  block  of  what 
is  coiniiiouly  called  homogeneous  material.  The  geological  conditions 
uii(l(H*  wliich  rocks  are  fractured  are  vastly  more  complex,  and,  as  Dr. 
Ucckcr  ^  has  remarked,  **  it  is  entirely  safe  to  presume  that  every  pos- 


'  Structural  rciations  of  oro  deposits:  Trans.  Am.  Inst.  Min.  Eng.,  Vol.  XVI,  1888,  p.  804. 
^Tho  oripiti  <»f  i)arallol  and  intersecting  joints:  Am.  Geol<)grist,  Vol.  XII,  1898,  p.  988. 
3Tlie  torsional  theory  of  joints:  Trans.  Am.  Inst.  Min.  Eng.,  Vol.  XXIV,  189i,  p.  laa 
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sible  mode  of  dfiformatiou  and  rupture, is  exemiilified,"  and,  it  may 
l>e  added,  frequently  in  a  single  limited  field  of  fracture.  The  beat 
that  can  l>e  hoi)ed  for  in  any  case  is  to  ascertain  the  dominant  mode 
in  Avhicli  fracturing  has  taken  place. 

STRUCTURES  OF  THE  LODES. 

The  larger  structural  features  of  the  various  lodes  depend  mainly 
ii]>i)n  the  character  of  the  fissures  in  which  they  were  deposited. 
Wliei-e  the  original  fracture  was  a  simple,  clean  dislocation,  the  result- 
ing lode  is  a  fissure  vein.  Most  of  the  lodes  of  the  Silvertou  quad- 
rangle are  of  this  character — nearly  vertical  plat«s  of  gangue  and  ore 
confined  between  definite  walla.  They  sometimes  show  local  irrega- 
lariiies  ami  may  divide  into  numei-ous  branching  stringers  (stringer 
lodes)  iit  their  edges,  but  in  the  essential  cliaracter  of  their  workable 
portions  they  are  veins,  in  the  original 
sense  of  Von  Cotta.  Such  are  the  veins 
of  the  Empire  group  on  Sultan  Moun- 
tain, the  New  York  City  (fig.  3),  Stelz- 
ner,  Hoyal,  and  Iowa  veins  of  Silver 
Lake  Ba^in,  the  Green  Mountain  vein, 
most  of  the  veins  of  Galena  Mountain, 
the  Hamlet  vein,  and  many  of  the  lodes 
in  ilie  northeast  portion  of  the  quad- 
rangle. The  width  of  the  workable 
veins  usually  varies  from  a  few  inches  * — 

up  to  10  or  12  feet.     Lodes  attaining    pio.  a.— cn»B 
greater  width  than  this  are  rarely  sim- 
ple veins,  although  some  of  those  near 
Sunnyside  Basin,  with  widths  of  from 

:Ki  to  "ill  feet,  appear  to  have  filled  sim-  qn'^^tz""^  "'""'^'^  rock;/.o™  ^na 
ph-  o|>en  fi&xure.s.     A  width  of  l'  or  3  fiM^t 

is  [lerhaps  a  rough  characteristic  average  of  the  productive  veins  of 
(he  Silverlon  region.  The  vein  filling  usually  fits  snugly  to  the 
fis.suri'  walls  and  is  frequently  adherent  to  t he ni^" frozen,"  as  the 
miners  say.  Quite  commonly,  however,  there  has  l>oen  sufficient 
movement  along  the  fissure  to  cause  the  ore  to  come  away  readily 
from  one  or  both  walls,  and  sometimes  there  is  a  gouge  or  selvage 
I»r(senl.  This  is  rarely  thick  or  ext^'nsivc.  Fis.snres  sometimes  con- 
Iran,  or  ]iiTK-h,  and  the  vein  then  Ixjcomes  much  reduced  in  width 
and  may  Im-  entirely  absent.  Such  [)tnclies.  where  the  fairly  solid 
Willis  .-[(■('  si'iiarated  by  a  mere  crack,  were  encountered  on  the  New 
York  Ciiy,  Stclzner,  and  other  veins,  and  on  the  Oanip  liinl  hide, 
l!  i-  often  ditlicull,  when  such  a  pinch  is  pikssed  through  by  a  crosscut, 
to  bebeve  that  it  really  represents  a  lode  which  is  elsewhere  wide  and 
priMluetive.  .Many  ci-osscut  tunnels  have  on  this  account  ovei-shot  the 
vein  sought  for.     Careful  systematic  surveying  and  mapping  is  the 


• 

u\MHWA-.aJ 

if  tLe  New 
City  lode.  Sllror  Lake  mine, 
n.c-onntry  rot-k:  6,  rolnera"  wall;  c. 
broken  connlry  rock^  d.  ore.  cbleBr 
Kuleaa.  cbalcopy  rite,  ami  tipbalerlte; 
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safegiiaitl  against  such  miRhaps  and  is  the  prerequisite  of  all  intelli- 
gent and  extensive  prospecting. 

As  a  rule  the  country  rock  adjoinin;;  the  veins  is  not  strikingly 
altered  and  retains  practically  the  original  form  of  the  fractured  sur- 
faces. In  some  veins  in  rhyolite,  however,  there  has  been  some 
replacement  of  the  rock  by  ore,  as  may  bo  seen  in  the  Tom  Moore 
mine. 

Veins  of  the  simple  type  described  are  connected  by  many  transi- 
tional forms  witli  lodes  occupying  closely  spaced  sheeted  zones  and 
consisting  really  of  several  parallel  veins.  Such  are  the  small  lodes 
of  Ihe  Micky  Breen  and  the  important  lodea  of  the  Camp  Bird  and 
Tomboy  mines.  In  both  the  Camp  Bird  and  Tomboy,  however,  the 
parallel  veining  resulting  from  sheeting  of  the  country  rock  is  asso- 


ciated with  the  less  regular  linked-vein  structure,  in  which  the  lode  is 
made  up  of  nearly  parallel  or  slightly  diverging  veins  connected  by 
linking  stringers  (Trttmmcr)  and  with  tlic  yet  more  irregular  stringer- 
lode  stiuctiire,  in  which  the  lode  consists  of  a  mass  of  stringers  with- 
out noticeable  parallelism  among  themselves.  In  these  mines  thn 
mora  regular  structure  is  usually  found  with  the  gold  ore  separated 
fram  the  hanging  wall  by  a  little  gouge,  while  the  more  irregular 
strnctm-es  characterize  the  foot-wall  portion  of  the  lode,  carrying  a 
low-grade  galena  ore  and  sending  off  irregular  stringers  into  the 
country  roek,  and  being  thus  witliout  regular  foot  wall. 

The  stnnger-lode  structure  is  perhaps  best  exemplified  in  the  North 
Star  (Solomon)  lode,  in  portions  of  tlie  Royal  Tiger  and  of  the  Pride 
of  the  West  lodes,  in  the  upper  pai-t  <if  thfe  Forest  lode,  and  in  the 
Alabama  lode.     But  it  may  frequently  l>e  well  studied  in  surface  out- 
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crops,  notobly  those  which  stand  out  on  tlio  steep  slopes  of  Dome 
Peak,  north  of  Howardaville,  and  in  particular  near  the  head  of  Mill 
Ci-eek,  west  of  Chattanooga,  where  the  Silver  Crown  lode  is  beanti- 
fuHj-  exposed  in  the  bed  of  the  stream,  and  the  details  of  its  structure 
inay  Ix-  seen  through  the  clear  water.  Fig.  4  is  a  sketch  of  the  lode 
as  .iieeii  at  the  bottom  of  a  clear  pool  in  the  creek.  In  minor  develop- 
nii'nl  it  is  to  be  seen  in  nearly  every  fi.s.sure  deposit  in  the  quadrangle. 
The  most  regular  of  the  veins  will  sometimes  locally  split  up  into  a 
stringer  lode,  particularly  where  the  fissure  is  seeu  about  to  die  out 
in  the  countrj'  rock. 

Iti'cccia  lodes — that  is,  lodes  in  which  the  ore  and  gangue  onginallj 
filled  ilie  spaces  in  a  zone  of  breceiattd  ciunlij  rock  do  not  ippear 
to  Ih'  i-umnion.  The  only  deposit 
seen  which  would  appear  to  be 
eharaeteri?A'd  chiefly  by  this  struct 
iiiv  is  that  of  the  Silver  Queen 
miiK'  on  Hear  Creek,  near  the  nortli 
erii  edge  of  the  quadrangle.  Heie 
the  pjiy  streak,  fi-om  3  to  6  feet 
wide,  lies  in  a  brocciated  zonealKJut 
12  feet  wide  in  the  San  Juan  fonna 
tion.  .Judging  from  the  materials 
seiM  on  their  dumps,  the  Polar  Star 
and  Red  Cloud  lodes  also  were  in 
part  liepo.sited  in  breccia  zones. 

Til  a  i-ertain  extent  the  lodes  as 
originally  formed  have  had  then 
strui'ture  nxMlified  by  later  move 
nicnls,  resulting  in  fractures  in  the 
OH'  already  deposited,  followe<l  by 
a  si'condfiry  vciniiig,    usnallv   of 

"  u,n-uiiiB~..i  luouiiBiiiuiunnurij.      u,  uuuii.rj 

quail/.       It    could     not    Ije    proved         rock;  t.  qusrUic,  ore. 

thai  tilis  ])ro('eHs  has  exerted  any 

imporiant  influence  upon  the  ore.  As  a  rule  the  secondary  stringers 
are  siiiiill  and  relatively  barren.  In  the  Tom  Moore  lode  the  later 
siringci-s  carry  a  little  free  copper,  but  the  amount  is  in.iignificant 
fiTun  a  commercial  point  of  view.  In  the  I'olar  Star  and  Red  C'loud 
mines  an  earlier  deposition  of  quartz  carrying  pyrite  was  certainly 
bre<  ii;iied  and  followed  by  renewed  veining.  Itut  there  wa.s  no  means 
of  deienniuing  in  IHSiO  to  which  period  of  dei>osition  the  ore  of  these 
minis  belonged.  The  .Tapan  lode,  a  section  of  which  is  shown  in  fig, 
5,  apiM-ars  111  have  been  formed  by  successive  openings  of  the  original 
flissure.  The  main  ore  streak  of  banded  galena  and  sphalerite  ore  was 
first  <Ii-posite<l.  Later,  nearly  barren  white  quartz,  with  well-marked 
i-onib  structure,  w!is  deposited  in  fresh  openings  on  each  side  of  the 
original  vein. 
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Tho  internal  structure  of  the  fissure  fillings,  such  as  banding  and 
comb  structure,  and  the  size  and  shape  of  pay  shoots,  while,  strictly 
speaking,  embraced  under  the  head  of  lode  structure,  will  be  more 
conveniently  described  in  the  following  sections  on  the  ores  of  the 
lodes. 

THE  ORES  OF  THE  LODES. 
MINEJRALOGY   OF  THK   ORES. 
OANGUE  MINEKALS. 

Under  this  head  are  included  those  mineral  constituenta  of  the  kxles 
which  commonly  make  up  the  matrix  of  or  are  intimately  associated 
with  the  metallic  ore  minerals.  The  t<*rm  is  a  somewhat  relative  one. 
Thus  pyrite  is  often  a  matrix  for  free  gold,  and  has  sometimes  l>eeii 
treated,  with  chah^opyrite,  etc.,  as  a  gangue  mineral.*  But  in  the 
present  report  the  term  gangue  will  be  restricted  to  the  so-called  non- 
metallic  minerals,^  chiefly  oxides,  carbonates,  sulphates,  and  silicates, 
while  the  compounds  of  the  heavy  metals,  largely  sulphides,  sulphar- 
senites,  sulpharsenates,  sulphantinionites,  or  sulphobismuthites,  all 
commonly  possessing  metallic  luster,  will  be  treated  as  ore  minerals, 
although  they  may  not  in  all  cases  be  valuable.  This  is  but  following 
the  convenient  distinction  laid  down  by  such  classical  writers  on  ore 
deposits  as  Von  Cotta  and  Von  Groddeck,  and  is  in  accordance  with 
the  usage  of  Lindgren,'*  Phillips,^  and  others. 

In  the  brief  resume  of  physical  properties  given  with  each  mineral, 
the  aim  has  been  simply  to  give  those  features  of  color,  form,  etc., 
which  will  enable  one  to  recognize  the  minerals  as  they  occur  in  this 
particular  quadrangle.  The  same  minerals  occurring  in  other  regions 
may  differ  in  the  properties  named. 

Quartz, — SiOg.  Rhombohedral.  Massive,  or  in  hexagonal  i>risms 
terminated  by  rhombohedrons.  Usually  white  or  colorless.  Hardness, 
7.     Specific  gravity,  2.6. 

This,  as  a  rule,  exhibits  the  usual  diaractt^r  of  vein  quartz  common 
in  most  mining  districts.  It  varies  from  semiopaque,  milk-white  vari- 
eties to  those  which  are  vitreous  and  transparent.  The  latter  occur 
in  the  Camp  Hinl  and  Tomboy  lodes  currying  free  gold,  usually  in 
minute  i)articles.  In  the  Tomboy  the  occurrence  of  the  gold  in 
quartz  of  that  x)articular  vitreous  appearance  which  is  elsewhere  com- 
monly regarded  as  a  sign  of  worthless  vein  matter  has  been  com- 
mented upon  ])y  Purington.^  The  quartz  of  the  veins  is  generally 
massive,  and  in  thin  section  under  the  microscope  is  seen  to  be  coni- 


•  Mining  industries  at  tho  Tellurido  quadrangle,  Colorado,  by  O.  W.  Purington:  Eighteenth 
Ann.  Kept.  U.  S.  Geol.  Sur%-oy,  Pt.  Ill,  181W,  p.  781. 

'•'Von  Groddeck,  Lagerst&tten  der  Erzo,  p.  58,  Leipzig,  18T9. 

'  Gold-<iuartz  veins  of  Nevada  City  and  Grass  Valley  districts:  Seventeenth  Ann.  Bept.  U.  S. 
Geol.  Survey,  Pt.  II,  l89tt,  pi>.  114-119. 

■•  Treati.**e  on  Ore  Deposits,  2d  ed.,  pp.  1--  and  HTi,  London,  189ti. 

»Lo.-.  <-it.,  p.  s«). 
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posed  of  interlocking  grains  with  incomplete  crystal  boundaries  (see 
PI.  IX,  A  and  B).  Distinct  crystals  are  found  only  in  small  vugs 
and  are  never  of  large  size.  A  radial  arrangement  of  the  imperfectly 
formed  crystals  was  noted  in  the  Dives,  Magnet,  Camp  Bird,  and 
Tomboy  mines.  The  quartz  of  the  Silver  Lake  lodes  frequently 
incloses  clilorite,  which  gives  it  a  green  color,  usually  regarded  as  an 
indication  of  good  ore.  In  some  of  the  lodes  the  presence  of  minute 
included  crystals  and  grains  of  galena,  sphalerite,  tetrahedrite,  argen- 
tite,  various  sulphobismuthites,  and  other  ore  minerals  results  in  a 
dark-clouded  quartz  in  which  the  ore  minerals  are  not  recognizable 
witli  the  naked  eye.  Such  is  the  richest  ore  of  the  Ridgway  mine 
(PI.  X,  A).  Microscopic  fluid  inclusions  are  common,  usually  with 
gaseous  bubbles.  They  are  frequently  arranged  along  irregularly  dis- 
posed curved  surfaces  in  the  quartz. 

In  addition  to  quartz  of  the  foregoing  character,  which  has  crystal- 
lize<l  in  open  spaces,  there  occurs  within  and  adjacent  to  many  of  the 
lodes,  and  especially  in  connection  with  the  stocks  of  the  Red  Moun- 
tain district,  a  much  more  finely  crystalline  quartz,  sometimes  resem- 
bling a  fine-grained  quartzite,  which  has  resulted  from  a  partial  or 
comph»t(»  replacement  of  country  rock  by  silica.  As  seen  in  thin  sec- 
tion under  the  microscope,  this  quartz  is  associated  with  more  or  less 
sericite  or  kaolin,  and  sometimes  alunite,  in  a  cryptocrjstalline 
mosaic.  Such  a  mosaic  oft-en  reveals  the  outlines  of  the  former  crys- 
tals of  feldspar,  which  have  been  metasomatically  replaced,  as  more 
fully  described  on  images  114-131. 

As  vein  filling,  with  other  gangue  minerals  and  ore,  quartz  occurs 
in  nearly  all  the  productive  lodes  of  the  quadrangle,  but  the  relative 
amount  of  quailz  and  ore  minerals  varies  widely  between  the  highly 
siliceoufs  gold  ore  of  tlie  Tomboy,  showing  to  the  eye  insignificant 
mineralization,  to  the  coarsely  crysta^lline,  heavy  lead  ore  of  tlie  Royal 
Tiger  and  Iowa  mines.  In  a  few  of  the  lodes  occurring  in  rhyolite, 
vein  ([uartz  may  be  practically  absent.  It  did  not  occur  to  any  con- 
siderable extent  witli  the  ore  stocks  of  the  Red  Mountain  district, 
wliere  the  quartz  is  cliiefly  the  result  of  metasomatic  replacement  of 
tlie  country  rock. 

Bftrife. — l>aS()4.  Orthorhcmibic.  Massive,  or  in  groups  of  diverg- 
ing tabular  crystals.  Cleaves  i)erfectly  in  three  directions.  White. 
Transi)arent  to  opaque.  Hardness,  3.  Specific  gravity,  4.5;  whence 
common  nam«'  "heavy  spar." 

This  is  not  nearly  so  important  a  gangue  mineral  in  the  Silverton 
(luadrangle  as  quartz,  but  it  occurs  massive  with  the  latter  mineral 
in  the  veins  in  the  Sultan  Mountain  monzonite  mass,  in  the  Roval 
Tiger,  M(»lvilhs  and  probably  other  lodes  in  Silver  Lake  Basin,  as  a 
heavy  vein  in  the  Dives  and  Potomac  claims,  in  the  veins  of  Galena 
Mountain,  where  it  has  sometimes  been  replaced  by  I'seudomorphous 
quartz,  and  in  the  ]>onanza,  Alaska,  Tempest,  Alabama,  Old  Lout, 
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and  other  lodes  in  Pouj^hkeepsie  Gulch.  In  practically  all  the  stocks 
of  the  Red  Mountain  district  barite  was  found  in  close  association 
with  the  argentiferous  copper  ores.  Thus  in  the  Guston  and  Yankee 
Girl  the  bornite  or  chalcocite  often  incloses  numerous  isolated  crys- 
tals of  translucent  barite,  and  it  is  to  be  found  on  nearly  every  mine 
dump  in  this  vicinity.  It  also  occurs  in  the  Zuiii  mine,  on  Anvil 
Mountain,  embedded  in  kaolinite,  and  with  zunyite  in  guitermanite. 
Where  occurring  in  lodes,  the  barite  is  very  commonly  associated  with 
gray  copper  (tetrahedrite).  In  the  Mastodon  claim,  on  the  Sunny- 
side  lode,  barite  forms  with  quartz  a  finely  crystalline  aggregate 
which  constitutes  the  gangue  of  a  highly  argentiferous  lead  sulpho- 
bismuthite. 

Calcife. — CaCOg.  Rhombohedral.  Commonly  massive  or  in  rhom- 
bohedrons,  scalenohedrons,  or  i)risms.  Cleaves  perfectly  in  three 
direct  ions,  affording  rhombohed  i-ons.  White.  Transparent  to  opaque. 
Hardness,  3.  Specific  gravity,  2.71.  Effervesces  freely  with  cold 
dilute  acid. 

Calcite  is  less  abundant  than  barite  in  the  productive  lodes,  but  is 
nearl\'  always  present  in  small  amount,  particularly  in  small  vugs  and 
in  minute  veinlets  cutting  the  ore.  As  the  principal  filling  of  miner- 
alized veins  it  was  noted  at  the  Oneida,  a  prospect  at  the  head  of 
American  Basin,  where  it  carries  sphalerite  with  a  little  pyrite,  chal- 
copyrite,  and  galena,  and  at  the  Yellow  Jacket  claim  on  Bear  Creek, 
on  the  northern  edge  of  the  ([uadrangle,  where  also  it  contains  abun- 
dant sx^^^^'^^l^^^it'^-  ^^  both  cases  the  ore  is  too  poor  to  work.  As  an 
important  gangue  constituent  it  wjis  noted  in  some  of  the  copper- 
bearing  lodes  north  of  Hanson  Creek.  At  the  Osceola  claim  in  Cun- 
ningham Gulch  it  occurs  pseudomori)hous  after  tremolite.  In  the 
Camp  Bird  mine  it  is  fairly  abundant,  filling  vugs  and  spaces  in  the 
quartz  left  by  comb  structure.  As  a  microscopic  constituent  calcite 
is  found  almost  invariably  in  the  wall  rocks  near  the  lodes,  except 
whei'e  the  rock  has  been  silicified,  in  small  amount  with  rhodonite  and 
rhodoclirosite  in  the  so-called  '*pink  spar"  (chiefly  rhodonite)  of  the 
Sunnyside  and  other  mines,  and  with  fluorite  and  quartz  in  a  pale- 
gi'een  cryptocrystalliue  aggregate  accompanying  and  forming  part  of 
th(»  rich  streak  in  the  Camp  Bird  lode. 

As  limestone,  impure  massive  calcite  occui's  at  several  points  in  the 
quadrangle,  and  on  the  east  side  of  Sultan  Mountain  and  at  the 
Saratoga  mine  in  Ircmton  Park  is  directly  associated  with  deposits 
of  on\ 

Dolotnife. — CaMg(C()3)2.  Rhombohedral.  Usually  massive  or  in 
curved  rhombohedra.  Cleavage  like  calcite.  White  to  brownish. 
]Mi Iky  to  opaque.  Hardness,  3.5.  Specific  gravity,  2.88.  Effervesces 
with  cold  dilute  acid  only  when  finely  powdered. 

This  mineral  is  not  abundant  or  important  in  connection  with  the 
ore  deposits,  but  occurs  as  a  microscopic  constituent  with  rhodonite 
and  rhodoclirosite. 
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RhodochrosH^. — MnCOg.  Rhoinbohedral.  Massive  or  in  small 
rhomboliedra  in  vugs.  Cleavage  like  calcite.  Usually  some  shade  of 
pink.  Hardness,  3.5-4.5.  Specific  gravity,  3.5.  Effervesces  freely 
in  powdered  form  with  dilute  acid. 

Occurs  abundantly  in  massive  form  as  gangue  in  the  Titusville 
lode,  and  in  small  amounts  in  the  veins  of  the  Empire  grouj)  on  Sultan 
Mountain,  and  in  most  of  the  lodes  in  the  northeast  quarter  of  the 
quadrangle,  where  it  may  usually  1x3  observed  as  minute  rhom- 
bohedral  crystals  lining  small  vugs.  In  small  quantity  it  always 
occurs  in  the  veins  containing  rhodonite.  In  the  Golden  Fleece  vein 
it  forms,  with  quai-tz,  the  gangue  of  the  rich  free-gold  ore,  and  also 
occurs  in  small  amount  in  the  Camp  Bird  lode.  It  is  found  in  beauti- 
fully colored  rhombohedral  crystals  in  the  Grizzly  Bear  mine  on  Bear 
Creek,  just  within  the  northern  boundary  of  the  qimdrangle? 

Kaolin  iff. — K4Al28i209.  Monoclinic.  Massive,  or  in  a  loose  pow- 
der consisting  of  microscopic  crystalline  scales.  White.  Hardness, 
2-2.5.  Specific  gravity,  2.0.  Can  be  scratched  with  the  finger  nail. 
Smooth  to  the  touch. 

This  mineral  occurs  in  very  pure  form  in  the  National  Belle  mine 
as  a  snowy  white  powder,  made  u^)  of  minute  crystalline  scales.  As 
seen  in  the  ui)per  workings  in  181)9  it  occurs  filling  fissures  in  the 
country  rock  or  as  a  filling  between  the  fragments  of  brecciated  zones 
near  the  ore  bodies.  It  was  apparently  in  these  cases  depasited  later 
than  the  ores,  parti}'  taking  the  place  in  this  mine  of  the  clay  gouge 
coniinouly  associated  with  post-mineral  movement  in  other  localities. 

As  an  original  constituent  accompanying  the  ores,  kaolin  occurs 
abuinlantly  in  the  stock  deposits  of  the  Red  Mountain  district,  as 
shown  by  the  materials  now  visible  cm  their  dumps.  This  is  usually 
a  fiiin,  compact  variety,  intimately  associated  with  pyrite.  A  char- 
act<*risti<'  form  is  that  in  which  the  kaolin  is  travt^i'sed  bv  numerous 
anastomosing  veinlets  of  iiyrite,  giving  it  a  spotted  and  sometimes  a 
schistose  appearance  (fig.  0).  It  was  not  possible  to  investigate  the 
o(!curiH'ncc  of  kaolin  in  any  of  the  deeper  workings  of  the  Red  Moun- 
tain mines,  but  from  what  could  be  seen  it  appears  to  have  accom- 
pani<'<l  the  ores  to  the  greatest  depths  there  attained — about  1,300 
fiM't.  It  was  evidently  derived  from  the  country  rock  adjacent  to  the 
oic  bodi(»s  as  a  product  of  its  alteration  by  the  thermal  watera. 

In  tlie  Zuni  mine,  on  Anvil  Mountain,  compact  kaolinite  is  abun- 
<\i\u{  and  is  directly  associated  with  pyrite,  barite,  and  small  nests  of 
4'nargite  to  form  the  lower  exposed  portion  of  the  ore  body.  The 
pyrite  is  often  beautifully  crystallized  in  very  slightly  modified  octa- 
hedia,  which  an;  thicklv  embedded  in  the  white  kaolinite. 

As  a  soft  white  powder  kaolinite  occurs  with  the  gold  quartz  of 
th<*  Tomboy  and  Camp  Bird  mines.  In  the  Tomboy  the  kaolin  is 
sometimes  mixed  with  sericite.^ 


Purington,  \<)c.  cit.,  p.  840. 
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As  an  altemtioii  produt-t  of  the  wall  rock,  more  particularly  of  the 
fflldspatliic  cODHtituents,  kaolinite  is  extremely  common;  but  it  is 
often  impossible,  without  a  ehomical  analysis,  to  distinguish  it  from 
sericite.  Hoili  minerals  ofcur  in  similar  fine  aggregates,  and  they 
ftometimes  (kicui-  together.  In  such  cases  the  microscope  will  not 
always  serve  to  distinguish  them. 

Fluorile. — CaFI,.  Isometric.  Massive,  or  in  variously  modified 
cuIh.'s  and  octahedru.  Cleaves  in  four  directions,  forming  octahedra. 
Colorli;ss,  or  pale  green  or  lilac.     Hardness,  4.     Specific  gravity,  3.1. 

Pale-green  flnoi-spar  is  abundant  ou  some  of  the  dumps  of  the  Aspen 


Red  Mi>uuUilD  restoii.    ' 


minp,  but  was  not  seen  in  plawe.  In  a  massive  condition  it  forms  a 
vein  which  has  been  superficially  pro8pecte<I  on  the  north  side  of  Pic- 
ayune (luk'h,  near  its  mouth,  and  was  seen  in  a  prospect  near  the 
Mountain  <jueen  mine,  in  California  Onlch,  and  in  another  prospect 
jnst  east  of  Lake  Oomo.  It  was  also  noted  in  the  dump  of  the  upper 
tunnel  of  the  Micky  Breen  mine.  Well  crystallized  with  quai'tz, 
fiuorlte  occurs  in  a  prospect  jnst  north  of  the  Old  Lout  mine,  and  in 
the  Indiana  tunnel  in  Urey  Copper  (iulch.  In  the  Sunnyside  lode, 
fluorspar,  usually  of  a  lilac  tint,  accompanies  the  best  ore  and  is  used 
by  the  miners  as  an  indicat<n-  for  fi'ee  gold.  Pale-green  fluorite  occnrs 
with  calcite  in  the  quartz  of  the  Tomboy  Imle  and  as  a  microscopic 


RAN80ME.]  GANGUE    MINERALS.  75 

constituent  in  some  of  the  rich  Camp  Bird  ore.  It  probably  occurs 
also  in  visible  masses  in  portions  of  the  latter  lode,  although  none  wfis 
seen  at  the  time  of  visiting  the  mine.  It  is  abundant  in  the  Morning 
vein  of  the  Japan  mine,  and  in  the  Empire-Victoria  vein  with  hiib- 
nerite.  This  latter  association,  however,  is  much  more  strikingly 
shown  on  the  Adams  claim,  near  Gladstone,  as  described  on  page  250. 
On  the  whole,  however,  it  is  not  a  common  gangue  mineral  in  this 
quadrangle,  and  when  not  too  abundant  is  frequently  associated  with 
free  gold. 

Rhodonite, — MnSiOj.  Triclinie.  Occurs  only  in  cryptocrystalline 
massive  form  in  Silverton  quadrangle.  Color,  rose  pink,  fading  and 
then  turning  black  on  exposure  to  tiie  weather.  Hardness,  5.5-6.5. 
Specific  gravity,  3.5. 

The  silicate  of  manganese,  comprising  much  of  the  so-called  "pink 
spar"  of  the  miners,  occurs  in  many  of  the  larger  lodes  of  the  north- 
east  quarter  of  the  quadrangle  as  a  fine-grained  pink  material,  very 
hard  and  tough,  forming  partitions  between  the  ore-bearing  portions 
of  the  lodes,  as  elsewhere  described.  It  is  a  conspicuous  and  abun- 
dant constituent  in  the  Sunnyside  lode,  in  the  neighboring  lodes  in. 
Placer  Gulch,  and  on  Treasure  Mountain,  particularly  in  the  domi- 
nant northeast  fissures,  and  occurs  much  less  abundantly  in  other 
lodes  of  the  northeast  quadrant.  It  is  also  found  in  the  Saratoga 
mine,  near  Ironton,  where  it  has  partly  replaced  limestone.  It  is 
often  difficult  to  distinguish  this  mineral  by  inspection  and  ordinary 
physical  t«sts  from  the  pink  carbonate  of  manganese,  rhodochrosite, 
when  both  are  massive.  This  is  due  to  the  fact  that  the  rhodonite  is 
seldom  pure,  but  is  associated  with  quartz,  calcite,  and  rhodochrosite 
in  grains  or  crystals  of  micix)scopic  dimensions.  The  massive  rhodon- 
ite, when  powdered,  often  effervesces  slightly  with  acids,  due  to  this 
slight  admixture  of  carbonates.  The  greater  part  of  the  pink  powder 
remains  insoluble  in  dilute,  boiling  hydrochloric  acid,  and  this  fact 
and  an  examination  of  thin  sections  under  the  microscope  show  that 
the  so-called  "pink  spar"  of  the  Sunnyside  and  neighboring  mines  is 
the  manganese  silicate,  rhodonite. 

ZunijUe. — A  very  basic  orthosilicate  of  aluminum.  (A1(0H,F, 
Cl)2),;Al2Si30i2.  Isometric,  tetrahedral.  Colorless.  Hardness,  7.  Spe- 
cific gravity,  2.8. 

This  mineral,  which  was  first  described  and  named  by  Hillebrand,^ 
from  the  Zuiii  mine,  is  limited  in  its  occurrence,  so  far  as  known,  to 
tlie  Zuni  and  to  one  or  two  adjacent  prospects  on  Anvil  Mountain. 
It  occurs  as  small  tetrahedral  crystals  up  to  5  millimeters  (three- 
sixteenths  of  an  inch)  in  diameter,  embedded  in  guitermanite  or  its 
oxidation  product,  lead  sulphate,  and  associated  with  pyrite,  enar- 
gite,  bouriumite,  kaolin,  and  barite.     The  chemical  composition  of 


U>ii  zunyite  and  firuitermanite,  two  new  minerals  from  Colorado:  Proc.  Colo.  Sci  Soc.,  VoL  I, 
1^^(,  pp.  VZ^\^.    Also  Bull.  U.  S.  GeoL  Survny  No.  20, 1886. 
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ziinyite  given  by  Hillebrand  as  the  mean  of  eleven  partial  analyses 

is  as  follows: 

Analysis  of  zunyite. 


Constituent.                       ;Per  cent. 

,                       Constituent. 

Pep  cent. 

SiOo     34.33 

1 

'  PjjOs 

.dO 

Fe«0,   1           .30 

F w 

5.  HI 

AUOj, 57.88 

1  CI 

3.91 

KjO 10 

NajO .24 

LessO 

iue.76 

3.02 

LIpO i    Trace. 

e-O 10.89 

99.74 

Altliough  of  much  scientific  interest,  the  mineral  at  present  has  no 
economic  importance. 

OUier  minerals, — Sericite,  epidot^,  chlorite,  and  zircon  occur  in 
some  of  the  ores,  often  merely  as  microscopic  constituents.  In  the 
mines  of  Silver  Lake  Basin,  chlorite,  with  the  usual  green  color  and 
minute  radially  foliated  structure,  occurs  as  nests  in  the  vein  quartz. 
The  spots  of  chlorite  are  commonly  regarded  as  an  indication  of  good 
ore.  It  is  abundant  also  in  ore  from  the  Silver  King  tunnel,  on  Mill 
Creek,  and  in  vein  quartz  carrying  pyrite  in  the  Barstow  mine.  Seri- 
cite is  often  associated  Mrith  kaolinite  in  ores  formed  by  partial  replace- 
ment of  rhyolite  and  related  potash-bearing  rocks.  A  little  chalcedony 
was  noted  in  the  Camp  Bird  ore.  Alunite,  although  occurring  in 
the  National  Belle  mine  and  as  an  alteration  product  of  some  of  the 
volcanic  rocks  of  the  Red  Mountain  range,  has  not  been  noted  as  a 
true  gangue  mineral.  Gypsum  occurs  occasionall}^  as  small  crystals 
in  vugs  of  the  Red  Mountain  ores. 

In  a  fissure  in  the  Silver  Ledge  mine  there  is  a  considerable  quan- 
tity of  a  soft  white  material  which,  when  moist,  has  a  beautiful 
faint-green  tint.  When  dry  tlie  substance  is  a  snow-white  powder, 
apparently  of  great  purity.  A  partial  analysis  of  this  substance  by 
Dr.  Hillebrand  gives  tlie  following  approximate  chemical  composition: 


Constituent. 


SiOa 

AI2O3  (with  trace  of  FeaOa) 

HoO 

SO3 


Percent. 

14.83 

39.42 

40.25 

4.26 


Constituent. 


Alkalies  (largely  KjO) 

OaO 

COj  {calculated  forCaCOa) 


Per  cent. 


.20 

0.68 

.53 

i(«).i: 


This  may  be  calculated  as  a  mixture  of  allophane,  aluminite,  gibbs- 
ite,  nhmite,  and  calcite,  in  the  following  proportions,  by  weight: 

Per  cent- 

Allophane  (hydrous  Bilicate  of  alumina) 58.0 

Aluminite  (hydrous  suli>hate  of  alumina) 15.5 

Oibbsite  (hydrate  of  afumina) 16.2 

Alunite  (hydrous  sulphate  of  alumina  and  potash) 2.0 

Calcite 1.2 

92.9 
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Tliore  remains  over  5  per  cent  of  superfluous  water,  which  is  not 
included  in  the  foregoing  calculation.  The  chemical  analysis,  how- 
ever, does  not  pretend  to  be  more  than  approximate,  and  the  min- 
eralogical  composition  deduced  from  it  is  of  similar  character. 

ORE  MINERALS. 

Under  this  head  are  included  minerals  generally  mined  as  ores, 
together  with  some  compounds  of  the  heavy  metals  not  of  commercial 
value  in  this  region.  Unless  otherwise  stated,  these  minerals  are 
characterized  by  a  metallic  luster. 

Pijrife. — Iron  disulphide  (FeSj).  Isometric,  pyritohedral.  Mas- 
sive, granular,  or  in  pentagonal  dodecahedrons  (pyritohedrons),  octa-r 
hedrons,  or  cubes,  or  in  combinations  of  these  forms.  Pale-brass 
yellow.     Hardness,  6.     Specific  gravity,  5. 

The  isometric  sulphide  of  iron  is  common  in  all  the  ores  of  the  dis- 
trict, and  impregnates  to  a  varying  extent  all  of  the  country  rock  in 
the  vicinity  of  the  ore  bodies.  In  some  cases  this  impregnation  has 
involved  huge  masses  of  rock,  as  in  the  Red  Mountain  range,  which 
owes  its  color  to  the  oxidation  of  the  pyrite  that  is  scattered  in  minute 
crystals  throughout  the  altei^ed  andesites  and  other  rocks  which 
compose  the  range.  Large  bodies  of  pyrite,  formed  in  part  by 
replacement  of  country  rock,  are  known  to  exist  in  the  lower  work- 
ings of  many  of  the  abandoned  mines  of  the  Red  Mountain  district. 
( )tlier  large  masses  of  crumbling  granular  texture  occur  near  Ironton, 
in  the  Saratoga  and  Baltic  mines,  in  great  part  replacing  limestone. 
Pyrite,  in  beautiful  octahedra  embedded  in  kaolin,  is  abundant  in  the 
Zuni  mine,  on  Anvil  Mountain.  As  a  rule  the  pyrite,  when  occurring 
in  large  bodies  with  little  or  no  quartz,  is  not  of  sufficient  value  to 
pay  for  working.  When,  however,  as  in  the  Henrietta  mine,  it  is 
associated  with  a  considerable  amount  of  chalcopyrite,  it  can  some- 
times l)(»  mined  at  a  profit.  Associated  with  true  vein  quartz,  espe- 
cially when  the  latter  carries  some  free  gold,  the  pyrite  itself  is 
usually  sufficiently  auriferous  to  repay  treatment.  In  the  Tomboy 
and  Camp  Bird  mines  the  gold  occurring  in  the  pyrite  is  less  in 
amount  than  that  occurring  free  in  the  quartz.  In  the  Gold  King, 
however,  the  revei*se  is  true.  A  large  part  of  the  gold  in  the  Silv^er 
Lake  mine  is  known  to  occur  in  pyrite. 

Pyrite  in  radially  fibrous  spherules,  and  at  first  supposed  to  be  the 
oithorhombic  sulphide  of  iron,  marcasite,  was  noted  in  the  dumps  of 
the  Red  Cloud  and  Old  Lout  mines,  and  also  occurred  as  small  stalac- 
tites in  cavities  in  tlie  Genesee- Vanderbilt  ore  body.  It  was  noted  in 
radial  spherules  embedded  in  calcit^  at  the  Yellow  Jacket  claim  on 
l>ear  Ciei^k,  near  the  northern  edge  of  the  quadrangle.  Dr.  H.  N. 
Stokes,  in  the  course  of  a  chemical  investigation  on  the  iron  sulphides, 
has  shown  that  the  foi'egoing  radial  forms  are  not  marcasite  but 
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common  pyrite.     Dr.  Stokes  has  kindly  furnished  the  following  not« 
in  regard  to  his  method  of  determination: 

Supposed  inarca  site  from  the  Red  Cloud  mine,  Colorado. — Carefnlly  selected  x>or- 
tions  of  the  mineral,  as  free  as  possible  from  foreign  substances,  gave  the  '*  oxida- 
tion numl>er  "  6.*i,  that  of  pyrite  being  60,  and  of  marcasite  17.  There  can  be  no 
question,  therefore,  that  the  substance  is  pjrrite.  the  excess  of  5  over  the  normal 
figure  being  accounted  for  by  small  quantities  of  As,  Pb.  and  Cn,  which  werefonnd 
on  analysis,  the  effect  of  these  being  to  raise  the  "oxidation  number." 

The  "oxidation  number  *  may  be  thus  defined:  When  a  sulphide  is  boiled  with 
a  solution  containing  1  gram  ferric  iron  per  liter,  Fe  "  is  reduced  to  Fe",  and  iron. 
if  present  in  the  mineral,  goes  into  solution.  At  the  same  time  more  or  lees  S  is 
oxidized  to  SO,.    In  the  case  of  FeS^  this  is  expressed  by 

G.333  6    ,..  .    -      ,  ,  A'    A     [60  for  pyrite 

2i)=per  cent  of  sulphur  oxidized ={,^  -     *^  .. 

a  *^  *^  1 17  for  marcasite 

where  a=amount  of  iron  dissolved, 

^;=amount  of  Fe'  produced  by  reduction. 

When  other  sulphides  are  present  the  effect  is  to  contribute  to  b  but  not  to  a, 
thus  increasing  the  apparent  percentage  of  sulphur  oxidized,  as  in  the  present  case. 

Tetrahedrite  {gray  copper), — Sulphantinionite  and  sulpharsenite  of 
copper.  The  composition  of  tetrahedrite  proper  is  4Cu2SSb2S3,  cor- 
responding to  52.1  i)er  cent  of  copper.  For  tennantite,  the  arsenical 
variety,  it  is  4CU2SAS2S3,  corresponding  to  57.5  per  cent  of  copper. 
These  two  varieties  are  connected  by  various  intermediate  compounds. 
Isometric,  tetrahedral;  commonly  massive.  Color,  gray.  Streak, 
brownish  or  reddish.    Hardness,  3-4.5.     Specific  gravity,  4.4-5.1. 

This  mineral  rivals  galena  in  this  region  in  importance  and  abun- 
dance as  an  ore  constituent.  Its  high  percentage  of  copper,  with  the 
fact  that  it  often  carries  a  large  amount  of  silver  replacing  part  of  the 
copper,  gives  it  its  value.  Most  of  the  varieties  seen  contain  both 
arsenic  and  antimony,  but  the  latter  i)redominates,  especially  in  the 
highly  argentiferous  varieties  sometimes  known  as  freibergite  (the 
typical  freibergite  from  Frei])erg  contains  over  30  per  cent  of  silver), 
which  is  usually  of  a  lighter  gray  than  ordinary  tetrahedrite.  Mod- 
erately ai'gentiferous  tetrahedrite  occurs  in  the  North  Star,  Belcher, 
Empire,  Little  Dora,  and  other  lodes  on  Sultan  Mountain,  in  the 
Aspen  mine  on  Ilazelton  Mountain,  and  in  the  Royal  Tiger  and  other 
mines  in  Silver  Lake  J3asin,  associated  with  galena,  chalcopyrite, 
sphal(*rit(»,  pyrite,  quartz,  and  barite.  An  antimonial  variety  rich  in 
silver,  probably  to  be  referred  to  freibergite,  constituted  the  principal 
ore  of  the  Nortli  Star  (King  Solomon)  mine.  Tetrahedrite  has  been 
found  in  the  Pride  of  the  West,  Philadcdphia,  and  Highland  Mary 
mines,  in  Cunningham  Guh*!!,  and  usually  constituted  the  richest  ore. 
It  occurs  in  most  of  the  lodes  of  Picayune  and  California  gulches,  in 
the  Tom  Moore  lode,  in  the  IVIickey  J>reen,  Poughkeepsie,  J^onanza, 
and  other  mines  in  Poughkeepsie  (iulch,  and  in  many  other  mines 
and  ])i'osp(M'ts  in  various  parts  of  the  (quadrangle.  In  some,  such  as 
the  North  Star  (King  Solomon),  Tom  ^Nloore,  and  Mickey  Breen,  it  is 
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the  principal  constituent  of  ore  Ixxlies  of  some  size  and  continuity, 
but  in  others,  especially  in  those  lodes  carrying  much  galena,  the 
tetrahedrite  often  occurs  as  bunches  in  the  other  ore.  A  little  lead 
may  sometimes  replace  part  of  the  copper,  as  was  found  to  be  the 
case  with  a  tetrahedrite  carrying  both  arsenic  and  antimony,  from 
the  Black  Diamond  claim,  on  California  Mountain.  Tetrahedrite  was 
present  also  in  the  ores  of  the  Yankee  Girl,  Silver  Bell,  and  other 
Red  Mountain  mines. 

Enargife, — Sulpharsenat^  of  copper  (SCugS.AsgSs).  Contains  48.3 
I^er  cent  of  copper.  Orthorhombic.  One  perfect  cleavage.  Grayish 
black  to  iron  black.    Hardness,  3.     Brittle.     Specific  gravity,  4.4. 

Enargite  is  of  somewhat  frequent  occurrence  in  the  ores  of  the  Red 
^loiintain  range.  It  was  found  abundantly  in  the  Zuiii  and  Congress 
mines,  and  formed  the  principal  ore  of  the  National  Belle.  Hand- 
some clusters  of  prismatic  crj^st^ls  incrusted  with  malachite  and 
quartz  were  seen  from  the  now  inaccessible  workings  of  this  mine. 
According  to  Mr.  Emmons,  enargite  occurred  in  the  Yankee  Girl. 

The  enargit-e  of  the  Zuni  mine  is  said  to  have  carried  over  200 
ounces  of  silver  per  ton.  In  the  National  Belle  it  was  probably  of 
much  lower  grade. 

Chdlvjjcite. — Cuprous  sulphide  (CujS),  corresponding  to  79.8  per 
cent  of  copper.  Orthorhombic,  commonly  massive.  Blackish  lead- 
gray.     Hardness,  2.5-3.     Specific  gravity,  5.5-5.8. 

Sfromeyeriie. — Sulphide  of  silver  and  copper  ((AgCu2)S).  Form 
and  i)hy8ical  properties  like  chalcocite,  except  slightly  higher  specific 
gravity— 6. 1-G.  3. 

These  two  closely  related  species  do  not  always  admit  of  sharp  dis- 
tinction. Stromeyerite  may  be  regarded  as  chalcocite  in  which  about 
half  of  the  copper  is  replaced  by  silver.  Chalcocite  is  itself  a  valu- 
able ore  mineral  on  account  of  its  high  percentage  of  copper,  but 
stromeyerite,  which  may  contain  over  50  per  cent  of  silver,  is  particu- 
larly valuable.  The  two  minerals  are  probably  connected  by  inter- 
mediate varieties. 

Chalcocite,  more  or  less  argentiferous,  was  noted  on  the  dump  of  the 
Frank  Hough  mine,  and  bornite  in  the  Silver  Link  and  John  J. 
Crooke.  Stromeyerite  is  reported  to  have  been  formerly  an  abundant 
ore  in  the  Yankee  Girl  and  Guston  mines,  where  it  occurred  above  a 
depth  of  GOO  feet,  between  galena  above  and  bornite  below.  One  lot 
of  <)  tons  of  this  rich  ore  from  the  Yankee  (4irl  contained  over  5,300 
ounces  of  silver  per  ton, ^  while  one  small  lot  from  the  sixth  level  of 
tli<'  (iiiston  is  stated  to  have  contained  15,000  ounces  of  silver  i)er  ton, 
which  corresponds  roughly  to  the  percentjige  of  silver  in  pure  stro- 
nicvoiite.     None  of  this  ore  could  be  seen  in  1800  or  1000. 

« 

Some  of  the  richest  ore  in  the  New  Y'ork  City  lode,  in  the  Silver 
Lake  mine,  contains  small  <iuantities  of  a  black  amorphous  substance, 


>  Scbwarz:  Trans.  Am.  lust.  Min.  Eng.,  Vol.  XVIII,  l8«»-90,  p.  Wu 
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associated  with  chalcopyrite  and  pyrite.  It  was  at  first  supposed  to 
be  black  oxide  of  copper,  but  upon  closer  investigation  proves  to  be 
a  copper  sulpiride,  probably  chalcocite. 

Bornite, — Sulphide  of  copper  and  iron  (.'JCujS.FejSg).  Contains 
55.5  per  cent  of  copper.  Isometric.  Commonly  massive.  Copper 
red  or  pinchbeck  brown  on  fresh  fracture,  but  soon  becomes  irides- 
cent from  tarnish,  whence  the  name  *' peacock  ore."  Hardness,  3. 
Brittle.     Specific  gravity,  4.9-5.4. 

This  mineral,  often  highly  argentiferous  by  the  replacement  of  a 
portion  of  the  copper  by  silver,  was  a  very  important  constituent  of 
the  large  ore  bodies  formerly  worked  in  the  Red  Mountain  district. 
According  to  T.  E.  Schwarz,  it  was  the  '*  principal  ore  for  large 
masses"^  in  the  Yankee  Girl.  It  formed  large  solid  masses  in  the 
Guston  mine,  associated  with  barite,  the  crystals  of  the  latter  being 
often  embedded  in  the  bornite.  It  also  occurred  in  the  Genesee- 
Vanderbilt  mine.  It  is  usually  intimately  associated  with  chalcocite 
and  chalcopyrite.  •  With  quartz  it  occurs  in  bunches  in  the  Silver  Link 
mine  and  also  in  the  John  J.  Crooke,  a  prospect  north  of  Hensen 
Creek,  associated  with  chalcocite. 

Clmlcopyriie  {yellow  copper), — Sulphide  of  copper  and  iron  (CUjS. 
FCgSg),  corresponding  to  34.5  percent  of  copper.  Tetragonal,  sphe- 
noidal. Commonly  massive.  Brass  yellow.  Hardness,  3.5-4.  Brittle. 
Specific  gravity,  4.1-4.3. 

This  is  a  common  ore  mineral  throughout  the  quadrangle,  and  is 
sometimes  auriferous,  as  in  the  Sound  Democrat,  or  argentiferous 
(carrying  also  a  little  gold),  as  in  the  Yankee  Girl,  Guston,  National 
Belle,  and  other  Red  Mountain  mines,  and  in  the  Guadaloupe  mine 
on  Abrams  Mountain.  It  is  very  abundant  in  the  Titusville  mine, 
in  the  New  York  City  lode  of  the  Silver  Lake  mine,  and  in  the  Ham- 
let mine.  Associated  with  pyrite,  it  forms  the  ore  of  the  Henrietta 
mine,  and  with  tetrahedrite  much  of  the  ore  of  the  Tom  Moore 
lode.  It  is  always  present  in  ores  carrying  galena,  sphalerite,  and 
pyrite,  althougli  the  amount  varies  widely  in  different  occurrences. 
In  the  Saratoga  mine  it  occurs  with  pyrite  and  galena,  replacing 
limestone. 

Galena. — Lead  sulphide  (PbS).  Isometric.  Rarely  showing  ex- 
ternal crystal  form,  but  cliaraeterized  by  its  perfect  cubic  cleavage. 
Lead  gray.     Hardness,  2.5.     Specific  gravity,  7.5. 

This  very  important  ore  mineral,  which  when  i)ure  contains  86. (> 
per  cent  of  lead,  occurs  in  nearly  every  ore  deposit  in  the  quad- 
rangle, although  in  extremely  varying  amounts.  In  the  lodes  of 
the  Silver  Lake  Basin  and  vicinity  it  occurs  in  coarsely  crystalline 
masses,  associated  with  quartz,  sphalerite,  chalcopyrite,  pyrite,  and 
sometimes  barite  and  tetrahedrite.  Such  coai-sely  crystalline  varie- 
ties carry  in  this  region  relatively  low  silver  values.     In  other  lodes, 

*  Personal  letter. 
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in  Maggie,  Picayune,  and  Placer  gulches,  and  around  Mineral  Point, 
the  galena  sometimes  occurs  so  minutely  crystallized  as  to  give 
merely  a  dark  color  to  the  quartz  in  which  it  is  inclosed.  This 
finely  crystiilline  galena  is  often,  but  not  invariably,  highly  argen- 
tiferous, as  in  the  Sound  Democrat  mine  in  Placer  Gulch.  In  the 
Sunnyside  mine  the  foreman,  J.  James,  informed  me  that  he  had 
seen  free  gold  embedded  in  galena. 

Sphalerits  {zinc  blende), — Zinc  sulphide  (ZnS).  Isometric,  mass- 
ive, and  tetrahedral.  In  variously  modified  tetrahedral  forms.  Per- 
feet  dodecahedral  cleavage.  Luster  resinous.  Color,  various  shades 
of  yellow  or  orange  to  dark  brown  or  black.  Hardness,  3.3  to  4.  Si)e- 
cific  gravity,  4.0. 

This  is  a  very  common  mineral  in  this  region  and  always  accom- 
panies galena.  It  is  not,  however,  worked  as  an  ore  of  zinc,  and 
its  presence  in  the  ore  often  involves  additional  cost  in  concen- 
trating and  smelting.  The  light-yellow  varieties,  commonly  termed 
"rosin  zinc"  by  the  miners,  are  often  associated  with  the  occur- 
rence of  gold.  An  orange  or  red  sphalerite  is  common  in  the  ores 
of  the  Red  Mountain  range.  In  the  Yellow  Jacket,  a  i^rospect  on 
Bear  Creek  near  the  northern  edge  of  the  quadrangle,  sphalerite 
occurs  abundantly  in  a  peculiar  form,  viz,  as  cylindrical  aggregates 
of  radial  structure,  thickly  embedded  in  a  gangue  of  calcite.  These 
aggi*egates,  which  occur  in  all  sizes  up  to  an  inch  or  so  in  diame- 
ter, frequently  contain  small  specks  of  galena  and  chalcopyrite. 
Spherules  of  marcasite  also  occur  occasionally  embedded,  like  the 
sphalerite,  in  the  calcite.  When  the  calcite  is  dissolved  in  acid 
the  sphalerite  remains  as  a  loose  mass  of  cylindrical  rods  \ying  in 
all  directions.  In  nearly  all  cases  these  rods  are  broken  sections, 
as  if  they  originally  formed  a  loose  mass  of  small  shattered  stalac- 
tites which  were  subsequently  cemented  by  calcite. 

Bournofufe, — Sulphantimonite  of  leml  and  copper  (3(PbCu.j)S. 
Sb.,S^).  Orthorhombic.  Steel  gray,  lead  gray,  or  black.  Hardness, 
2.6  to  3.     Rather  brittle.     Specific  gravity,  5.8. 

According  to  Mr.  S.  F.  Emmons's  unpublished  notes,  this  mineral 
is  reported  as  having  been  found  in  the  Yankee  Girl  mine.  A  lead- 
copper  sulphantimonai-senite,  probably  bournonite  with  some  arsenic 
replacing  the  antimony,  occurs  at  the  Zuiii  mine,  in  small  vertically 
striated  prisms  with  pyrite  and  zunjite. 

ZinkenUe. — Sulphantimoniti».  of  lead  (PbS.SbjSg).  Oilhorhombic, 
but  occurs  chiefly  massive.  Steel  gray.  Hardness,  3  to  3.5.  Specific 
gravity,  5.3. 

Described  and  analyzed  b}' llillebrand  ^  from  the  Hrobdignag  claim, 
wluM-e  it  is  said  to  occur  sparingly  with  barite.  None  could  be  seen 
in  1891)  or  1900. 


>  Mineraloirical  notet»:  Proc  Colo.  Sci.  Soc.,  VoL  I,  ISM,  pp.  1:21-1:23. 
Bull.  182—01 6 
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OuUermanite, — Sulpharsenito  of  load  (SPbS.As^Sg).  Massive, 
compact.     Bluish  gray.     Hardness,  3.     Specific  gravit}',  5.9. 

This  luineral,  with  zunyite,  was  first  described  and  named  by  Dr. 
Ilillebrand^,  and  occurs,  as  far  as  known,  only  in  the  Zuili  and  adja- 
cent claims.  It  always  incrloses  the  minute,  sparkling  tetrahedrons 
of  zunyite,  and  is  intimately  associated  with  pyrite,  enargite,  kaolin, 
and  barite.  It  alters  sui>erficially  to  anglesit^e.  As  it  contains  about 
60  per  cent  of  lead,  and  probably  some  silver,  it  is  a  valuable  oi-e. 

Sfihnife. — Antimony  sulphide  (SbgSg).  Orthorhombic.  Usually  in 
clusters  of  radiating  prisms.  Perfect  cleavage  in  one  direction. 
Lead  gray.     Hardness,  2.     Specific  gravity,  4.5. 

A  single  specimen  of  this  mineral  was  seen,  which  was  stated  on 
reliable  authority  to  have  come  from  the  North  Star  mine  on  Sul- 
tan Mountain.  It  is  readily  distinguished  by  its  lustrous  cleavage 
surfaces  and  softness,  being  easily  scratched  with  the  finger  nail. 

Polyhasik. — Sulphantimonite  of  silver  (OAgS.Sb^Sg),  with  part  of 
silver  replaced  by  copper  and  part  of  antimony  by  arsenic.  Ortho- 
rhombic.  In  characteristic,  short,  six-sided  tabular  prisms,  with  tri- 
angular striaticms  and  beveled  edges.  Iron-black.  Hardness,  2  to  3. 
Specific  gravity,  G.l. 

This  rich  silver  ore  is  known  to  have  occurred  in  the  upper  work- 
ings of  the  Yankee  Girl,  and  probably  in  other  mines  of  the  Reil 
Mountain  district.  Well-crystallized  specimens  from  this  region  are 
preserved  in  the  museum  of  the  Bureau  of  Mines,  Denver,  and  in 
various  private  cabinets. 

Proustits  {ruby  silver), — Sulpharsenite  of  silver  ( 3 Ag^S.AsjS),  cor- 
responding to  65.4  per  cent  of  silver.  Rhombohedral,  hemimorphic. 
Luster,  adamantine.  Transparent  to  translucent.  Color,  scarlet- 
vermilion,  but  somewhat  masked  by  brilliant  luster.  Hardness,  2.25. 
Brittle.     Specific  gravity,  5.5  to  5.0. 

Few  of  the  ores  now  mined  show  this  mineral,  although  it  was  seen 
in  the  Ben  Butler  mine,  associated  with  galena  and  perhaps  argen- 
tite.  It  is  also  known  in  the  Ridgeway  mine  and  has  been  report-ed  on 
good  authority  from  the  Red  Cloud,  Polar  Star,  Mammoth,  Annie 
Wood,  Palmetto,  and  Wheel  of  Fortune  mines.  It  is  known  to  have 
occurred  in  the  Yankee  Girl,  and  a  specimen  was  seen  which  was  said 
to  have  come  from  the  Genesee- Vanderbi It  mine.  It  characterizes 
the  upper  portions  of  argentiferous  ore  bodies  and  is  not  known  at 
depths  over  a  few  hundred  feet. 

Bisinnthlnite. — Sulphide  of  bismuth  (Bi^Sa).  Orthorhombic.  One 
perfect  cleavage.  Lead-gray.  Hardness,  2.  Somewhat  sectile.  Spe- 
cific gravity,  G.5. 

This  sulphide  of  bismuth  occurs  in  slender  prismatic  crystals,  with 
specularito  in  quartz  at  the  Neigold  claim  on  the  south  slope  of  Galena 
Mountain. 


'  On  zunyite  and  guitermanite,  two  new  minerals  from  Colorado:  Prot*.  Colo.  ScL  Soc.,  Vol.1, 
1SH4,  pp.  I:»t>-l3l.    Also  Bull.  U.  S.  Geol.  Survey  No.  31),  1885. 
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ArgentlU, — Silver  sulphide  (AggS),  containing  87.1  per  cent  of  sil- 
ver. Isometric.  Blackish  lead-gray.  Hardness,  2  to  2.5.  Sectile. 
Specific  gravity,  7.3. 

This  valuable  ore  of  silver,  which  is  readily  distinguished  by  the 
ease  with  which  it  can  be  cut  with  a  knife  without  breaking  or  splin- 
tering, is  not  abundant  in  the  Silverton  quadrangle.  It  was  distinctly 
recognized  only  at  the  Ridgway  mine,  where,  curiously  enough,  it  is 
called  "  brittle  silver."  Here  it  constitutes  the  richest  ore,  and  is  evi- 
denth^  one  of  the  most  recently  formed  of  all  the  ore  minerals,  as  it 
occults  characteristically  in  vugs,  incrusting  or  filling  the  interstices 
between  the  quartz  crystals.  It  i^robably  occurs  also  in  the  Gold  Nug- 
get and  other  prospects  in  Maggie  Gulch,  and  is  said  to  have  consti- 
tuted a  large  part  of  the  rich  ore  formerly  extracted  from  the  Polar 
Star  mine,  on  Engineer  Mountain,  and  from  the  Palmetto  mine,  in 
American  Flats. 

Molybdenite, — Molybdenum  disuli^hide  (MoSg).  Probably  hexagonal. 
Occurs  in  scales,  with  eminent  basal  cleavage,  or  compact.  Laminae 
flexible,  but  not  elastic.  Lead-gray.  Leaves  a  bluish-gray  mark  on 
paper.     Feel,  greasy.     Hardness,  1  to  1.5. 

This  mineral  occurs  in  the  Sunnyside  Extension  mine,  where  it  has 
been  mistaken  for  graphit-e.  Here  it  frequently  contains  free  gold. 
It  has  not  been  recognized  elsewhere  within  the  quadrangle. 

Heinatite  {specularite). — Ferric  oxide  (FCiOg).  Rhombohedral. 
Lamellar  or  in  thin  scales.  Color,  steel-gray  or  iron-black.  Streak, 
c]K»rry-red  or  reddish -brown.  Hardness,  5. 5-G.  5,  but  often  apparently 
miicli  softer  on  account  of  its  scaly  structure.     Specific  gravity,  5.2. 

The  variety  of  hematite  known  as  specular  iron  is  frequently  met 
with  in  small  quantities  in  the  lodes  of  the  Silverton  quadrangle.  It 
occurs,  for  example,  in  the  Crown  Point  lode  on  Silverton  Moun- 
tain, in  the  Little  Giant  lode  (on  the  dump),  in  the  Neigold  claims  on 
Galena  Mountain,  and  in  the  Dauiel  Webster  prospect  in  Maggie 
Gulch.  In  all  cases  observed  it  is  a  vein  mineral  inclosed  in  quartz. 
It  is  of  no  economic  importance,  but  is  frequently  mistaken  for  more 
valuable  minerals — in  one  case  for  **  brittle  silver."  It  is  easily  recog- 
nized by  its  scaly  structure,  brittleness,  and  red  color  when  crushed. 

SulphohismnthUes. — These  include  cosalite  (iPhS-BigS^),  galeno- 
blsmuthlte  (PbS.BigS,),  alaskaite  ((PbAga)S.Bi2S3),  beegerite  (OPb- 
S.Bi.^S.^),  kobellite  (2PbS.(l>i,Sb)2S.J,  and  possibly  other  species. 

Sulphobismuthites  of  lead,  carrying  usually  considerable  silver  and 
sometimes  a  little  copper,  are  of  frequent  occurrence,  particularly  in 
the  northern  half  of  the  quadrangle.  As  most  of  the  above-named 
luinerals  resemble  one  another  very  closely  in  physical  properties  and 
as  a  rule  occur  massive,  their  specific  identification  is  impossible 
without  a  (luantitative  chemical  aualysis  in  each  case.  Nor  is  this 
UH'thod  often  available,  for  the  association  of  these  sulphobismuthites 
with  othiM-  ore  minerals  is  usually  such  that  pure  material  suitable 
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for  chemical  analysis  can  not  be  obtained.     They  are  nearly  all  lead- 
gray  in  color,  with  hardness  varying  from  2.5  to  4. 

The  argentiferous  galenobismuthite  named  by  Koenig*  oLaskaite 
occurs  abundantly  in  the  Alaska  mine  and  in  the  Aeapulco  claim 
adjoining  it  on  the  east.  Its  occurrence  and  accompanying  minerals 
are  descri])ed  on  page  105. 

Cosalite,  from  the  Yankee  Girl  mine,  with  more  or  less  of  the  lead 
replaced  b}'  silver,  has  been  analyzed  by  Low,^  and  probably  occui>» 
in  other  mines  of  the  vicinity.  It  has  been  reported  also  from  the 
Alaska  mine.  Kobellite  has  been  analyzed  and  described  by  Keller* 
from  the  Silver  Bell  mine,  and  beegerite,  from  Poughkeepsie  Gulch, 
by  Koenig.^  The  naming  and  identification  of  these  species  from  the 
Silverton  quadrangle  rests  upon  chemical  analysis  of  massive,  more 
or  less  impure  material,  and  these  results  have  not  yet  been  confirmed 
by  any  investigation  of  crystal  form. 

In  the  course  of  the  pr€»sent  investigation  sulphobismuthites  have 
been  met  with  in  many  of  the  ores,  but  never  with  external  crystal 
form  nor  in  such  amount  or  purity  as  would  warrant  complete  chem- 
ical analysis,  whereby  alone  they  can  be  specifically  determined. 

At  the  Barstow  mine  the  richest  ore  is  a  bright  lead-gray  mineral, 
of  hardness  3  to  3.5  and  specific  gravity  7.04  at  30°  C.  (Hillebrand). 
It  shows  indistinct  crystal  forms,  suggestive  of  isometric  symmetry, 
and  is  very  intimatel}-  intergrown  with  P3"rite. 

The  purest  material  that  could  l)e  picked  out  proved  to  be  a  mixture 
of  a  lead  sulphobismuthite  with  p3Tite  and  a  telluride.  According 
to  Dr.  Hillebrand  the  following  may  be  taken  as  a  rough  approxima- 
tion to  the  chemical  composition  of  this  mixture: 

Approximate  chemical  composition  of  material  from  Barstow  mine. 
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Had  pyrite  been  the  only  mineral  present  with  the  sulphobismuthite 
it  might  have  been  easily  deducted  from  the  completed  analysis. 
But  the  presence  of  tellurium  shows  that  there  is  present  also  some 
telluride  of  unknown  composition  which  can  not  be  thus  allowed  for. 
The  idea  of  a  quantitative  analysis  was  therefore  abandoned.     The 

* 

above  rough  ai^proximation  indicates  the  probable  presence  of  a  min- 
eral of  the  composition  of  beegerite,  mixed  with  pyrite  and  perhaps 
an  auriferous  hessite  (telluride  of  silver). 


>  Prw.  Am.  Philos.  Soc.,  Vol.  XIX,  1881.  pp. 

47-M77. 
«  Proc.  Colo.  Sci.  Soc.,  Vol.  I,  1883-84,  p.  111. 


»  Zeitechr.  ftir  Kryst.,  Vol.  XVII,  1890,  pp.e7-T2. 
*  Loc.  cit. 
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In  the  Suiinyside  Ext^^nsion  mine  a  siilphobismuthite  of  lead  and 
ssilver,  showing  no  distinct  crystal  form,  occurs  intimately  associated 
with  molybdenite  and  free  gold  in  an  ore  containing  quartz,  barite, 
sphalerite,  pyrit^,  and  galena.  In  the  Mastodon,  which  adjoins  the 
Suunyside  Extension  on  the  north,  an  argentiferous  sulphobismuthite 
of  lead  showing  indistinct  prismatic  crystallization  occurs  so  finely 
disseminated  in  quartz  as  to  give  the  latter  a  dark  clouded  appearance. 

In  the  Custer  claim  on  California  Mountain  an  argentiferous  load, 
sulphobismuthite,  forms  the  richest  ore,  and  similar  bismuthiferous 
compounds  occur  in  the  ores  of  the  Sound  Democrat  and  Silver  Queen 
mines  in  Placer  Gulch. 

A  lead-copi)er  sulphobismuthite,  probably  argentiferous,  occurs  in 
small,  ragged  prisms,  frequently  foi-ming  star-like  radial  clusters,  in 
quartz  with  pyrite  at  the  Uncompahgre  Chief,  near  Mineral  Point. 

At  the  Silver  Bell  mine,  between  Ironton  and  Red  Mountain,  the 
richest  ore  was  a  massive  argentiferous  lead  sulphobismuthite  carry- 
ing up  to  1,000  ounces  of  silver  per  ton.  Massive  argentiferous  lead 
sulphobismuthites,  of  probably  more  than  one  species  (one  of  them 
cupriferous),  occurred  in  the  Grenesee-Vanderbilt  ores,  intimately  asso- 
ciated with  barite  and  pyrite.  A  massive  lead  sulphobismuthite  (with, 
perhaps,  a  little  copper)  has  been  found  in  the  Silver  Queen  mine  on 
Bear  Creek.  In  the  Neigold  group  of  claims  on  Galena  Mountain  a 
lead  sulphobismuthit-e,  carrying  a  little  silver  and  perhaps  some  cop- 
per, occurs  as  small  indistinct  prisms  and  specks  in  quartz  with  pyrite,. 
specularite,  and  bismuthite.  Lastly,  it  is  known  that  rich  bismuth- 
iferous ores,  probably  argentiferous  lead  sulphobismuthites,  were  for- 
merly mined  in  the  Old  Lout  and  Poughkeepsie  mines,  and  are 
probably  present  in  varying  amounts  in  most  of  the  lodes  of  Pough- 
keepsie Gulch. 

Tellurldes. — The  occurrence  of  tellurides  of  gold  or  silver  has  been 
not^d  at  only  four  localities  within  the  quadrangle,  and  at  each  of 
these  in  small  amounts  only.  In  some  of  the  rich  ore  of  the  Camp 
Bird  mine  a  little  tellurium,  probably  occurring  as  a  telluride,  has 
been  detected  chemically  by  Dr.  Hillebrand,  although  no  tellurium 
mineral  has  been  recognized.  In  the  Barstow  mine  small  amounts  of 
an  unknown  telluride  are  intimately  associated  with  an  argentiferous 
lead  sulphobismuthite  and  pyrite.  Its  i)resence  can  be  detected  only 
by  chemical  means.  At  the  Silver  Ledge  mine  a  small  amount  of  a 
telluride  resembling  calaverite  was  found,  with  free  gold  in  a  single 
small  pocket.  At  the  Magnet  mine  telluride  of  silver,  probably  hess- 
ite,  occurs,  intimately  associated  with  argentiferous  galena  and  a  little 
free  ^old  in  a  quartz  gangue. 

(i(fJ(L — Isometric,  but  rarely  showing  crystal  form.  L'^suall}'  in 
irn\ii:iihir  hackly  particles.  Gold  yellow.  Hardness,  2.5-3.  Verj- 
malleal)le  and  ductile.     Specific  gravity,  15.G-10.3. 

J'ree  or  native  gold  occurs  in  arl)orescent  sheets  in  quartz  and 
rhodonite  in  the  Golden  P^leece  vein  (see  p.  183).     In  the  Sunnyside 
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Extension  mine  it  has  l)een  found,  scattered  through  masses  of  spongy 
quartz,  as  implanted  crystals  on  the  faces  of  quartz  crystals  in  vugs, 
and  embedded  in  yellow  sphalerite  and  molybdenite.  It  is  also  some- 
times present  in  the  ores  of  the  Sound  Democrat  and  Silver  Queen 
mines  of  Placer  Gulch.  In  the  Sunnyside  mine  it  occurs  intimately 
associated  with  quartz,  rhodonite,  fluorite,  yellow  sphalerite,  and 
galena,  and  has  been  found  eml)edded  in  the  latter.  In  the  Camp 
Bird  it  is  inclosed  as  small  particles  with  galena,  sphalerite,  pyrite, 
chalcopyrite,  and  traces  of  some  telluride,  in  quartz  and  fluorite  (see 
p.  00).  In  the  Tomboy  it  is  found  with  pyrite  in  quartz,  but  only 
rarely  in  visible  particles.  Visible  particles  are  also  met  with  in 
bunches  in  the  quartz  in  the  Gold  King  mine.  In  the  mines  of  the 
Silver  Lake  Basin  free  gold  is  very  rarely  seen,  and  only  one  si)eeimeii 
has  been  noted  in  the  Royal  Tiger. 

One  small  bunch  of  free  gold,  associated  with  a  telluride  (pi'obably 
calaverite),  has  been  found  in  the  Silver  Ledge  mine.  Rich  pockets 
of  free  gold  are  reported  to  have  been  mined  in  early  days  in  the 
Whale  and  Argentina  lodes  in  Savage  Basin,  and  it  was  the  free  gold 
of  the  Little  Giant  in  Arrastra  Gulch  which  in  the  early  seventies 
first  called  attention  to  the  San  Juan  region. 

Sillier, — Isometric.  Commonly  filiform  (wire  silver).  Silver  white, 
but  sometimes  black  through  tarnish.  Hardness,  2.5-3.  Ductile  and 
malleable.     Specific  gravity,  10.1-11.1. 

Native  silver  is  very  rarely  seen  in  the  ores  worked  at  the  present 
day.  But  in  the  form  of  wire  silver  it  was  formerly  found  in  the 
Pride  of  the  West,  Aspen,  Ben  Franklin,  and  Sunnyside  Extension 
mines.  It  occurs  o<!casionally  in  the  Aspen  and  in  the  Antiperiodic 
mines,  and,  a.s  small  hackly  particles  and  plates  solidly  embinlded  in 
limestone  (i)rol)ably  Devonian),  on  the  Fairview  claim  on  Sultnn 
Mountain.  It  is  probably  in  all  cases  of  secondary  origin,  I'esulting 
from  the  oxidation  of  other  silver  minerals. 

Copper. — Isometric.  Occurs  in  irregular  plates  and  branching 
forms.  Copper  red.  Ductile  and  malleable.  Hardness,  2.5-3.  Spe- 
cific gravity,  8.8-S.O. 

Occurs  in  small  amounts  in  the  Royal  Tiger,  Tom  Moore,  and  Sunny- 
side Extension  mines.  It  is  confined,  as  far  as  known,  to  the  superficial 
portions  of  the  lodes  and  is  of  later  formation  than  the  bulk  of  the 
on\  Id  the  Tom  Moore  it  (K»curs  in  a  stringer  of  quartz  which  con- 
tains small  crystals  of  hubnerite  and  (•uts  the  ore. 

HiUnuriie. — Tungst^it^  of  manganese  (MnWO^),  usually  with  some 
iron.  Monoclinic.  One  perfect  cleavage.  Usually  in  bladed  prisms; 
often  radial.  Brownish  red  to  black.  Luster,  submetallic  or  metallic- 
adamantine.     Hanlness,  5-5.5. 

This  niiiHM-al  occurs  rather  widely  distributed  over  the  Silverton 
<[ua(lran;;lo  as  a  vein  mineral  associated  with  quartz  and  fluorite.  It 
is  most  abundant  at  the  Adams  lode  on  Bonita  Mountain,  where  it 
forms  striking  radial  clustei-s  of  brownish-red  crystals  embedded  in 
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([uartz  and  i)alo-greeii  fluorite.  It  is  also  found  in  a  quartz  lode  in  Dry 
1tu1c*1i,  but  in  smaller  crystals.  In  the  Tom  Moore  lode  it  was  noted 
as  minuU?  brown  prisms  in  quailz.  On  Sultan  Mountain  it  has  been 
obtained  from  the  North  Star  mine,  and  occurs  in  moderate  abund- 
anci*  in  the  P^mpi re- Victoria  lode.  The  mineral  from  the  last-named 
locality  is  nearly  black  and  probably  contains  consiilerable  iron,  thus 
approaching  wolframite  in  composition.  It  is  embedded  in  quartz  and 
pale-gi-een  fluorite. 

This  mineral,  if  found  in  sufficient  quantites,  would  be  valuable  as 
an  oi*e  of  tungsten.  It  is  doubtful,  however,  whether  any  of  the 
above-mentioned  deposits  ccmtain  it  in  sufficient  abundance  to  render 
possible  its  commercial  extniction. 

PRODUCTS  OF  SUPERFICIAL  DECOMPOSITION. 

Owing  to  the  vigorous  erosion  to  which  the  Silverton  region  has  been 
subjected,  oxidized  on^s  have  seldom  had  opportunity  to  accumulate 
to  any  great  depth,  and  play  a  small  part  in  mining  operations.  Small 
amounts  of  the  carbonates  of  copper,  malachite,  and  azurite,  and  the 
carbonate  of  lead,  cerussite,  can  be  found  in  the  croppingsof  most  of 
the  lodes,  and  cerussite  was  mined  to  some  extent  from  the  upper 
levels  of  the  Silver  Lake  mine.  Anglesite,  or  sulphate  of  lead,  also 
(KM'urred  near  the  surface  in  the  Silver  Lake  and  Whale  lodes  and 
formed  an  important  part  of  the  ore  body  of  the  Zuiii  mine,  where  it 
resulted  from  the  oxidation  of  guitermanite.  Anglesite,  resulting 
from  the  oxidation  of  galena  and  often  containing  kernels  of  the  sul- 
phide, occui's  in  the  Anaconda  mine  about  thn^*- fourths  of  a  mile 
south  of  Cinnamon  Pass,  whence  four  or  five  carloads,  carrying  55  per 
cent  of  lead  and  14  to  IH  ounces  of  silver  per  ton,  have  l^een  shipped. 
In  the  Saratoga  mine  the  greater  part  of  the  ore  has  lK»en  mined  (*om- 
paratively  near  the  surface,  and  consisted  of  a  soft  mass  of  ferruginous 
clay  carrying  carbonate  of  leail  and  silver,  probably  native  or  as 
chloride. 

riultM*  sonn?  circumstances  partial  oxidation  has  extended  to  depths 
of  several  hundred  fe^^t.  In  the  Silver  Lake  mine  more  or  less  oxidat  ion 
lias  taken  place  where  th(>  h)des  of  (iroup  II  join  the  Silver  Lake  lode. 
SubstM[uent  movements  hav(»  allowed  surface  waters  to  descend  at  the 
intei-st»etions  of  the  plan(»sof  weakness  determined  by  the  lodes.  The 
partial  oxidation  of  theTomi)oy  and  Camp  Bin!  lodes  at  considerable 
<leptii,  and  the  deposition  within  them  of  l>lack  oxide  of  manganese, 
are  ai)parently  due  to  fracturing  of  the  original  IcKle  filling,  thus 
allowing  the  downward  seepage  of  oxidizing  waters. 

STKUCTl'KE   OF   THE    LODE   ORES. 
MEOASCOPICAL  STRUCTURES. 

Six  kinds  of  ore  structure  have  been  recognized  in  the  lode  ores  of 
tlu*  Silverton  quadrangle: 

1.   Mdssin  sft'Ncfure. — The  quartz,  galena,  sphalerite,  chalcopyrite. 
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pyriU^  Huci  other  iniiiprals  tire  all  crystallize*!  irregularly  in  the  flssnres 
without  cxtenml  crystal  form  ami  without  tletlnite  iirraujiremeDt.  As 
H  rule  the  constituent  minerals  api)»'ftr  t«  have  crystallized  practically 
simultuueously. 

This  Ntruoture  i«  excee<lingly  common  and  k  the  cliaraeteristic  one 
of  the  (juadraiiKh^  It  is  typically  exhibitwl  by  the  ores  of  the  Silver 
I^ke,  Royal,  Stelzner,  New  York  City,  Iowa,  and  East  Iowa  lodes  of  the 
Silver  I>ako  ilasin  (PL  XI,  B).  The  quartz  sometimes  incloses  empty 
epaecH,  either  att  minnto  interstices  between  interlocking  qnartz  prisms 
or  as  small  vugs  lined  with  quart-z  crystals.  Occasionally,  instead  of 
being  perfectly  massive,  thooreexhibitft  Indistinct  traces  of  the  struc- 
ture next  to  be  described.  The  two  are  connected  by  intermediate 
forms. 

2.  Banded  structure  by  deposifiim. — The  ore  and  gsngae  minerals 
have  I)een  deposited  in  more  or  lens  parallel  sheetA,  distinguishable 


from  each  other  by  the  fact  that  tliey  contain  the  constituent  vein- 
foririin^  minerals  in  (UfFeivnt  proitortUms. 

This  is  fat'  loss  cominoii  than  the  preeedinj;,  but  it  is  found  in  many 
small  ami  iinproilnctivc  veins  and  in  some  of  the  more  important 
lodes,  such  as  the  (iold  King,  when'  the  i)yrit<»  has  been  deposited  in 
bands  alleniating  with  white  qnai'tz.  On  the  large  scale  it  is  perhaps 
exemplified  in  tlio  Snnnyside  lode,  when'  the  ore  streaks,  themselves 
of  massive  stnictuii'.  <'i)Hsisttng  of  galena,  sphalerite,  chalcopyrite, 
pyrite,  telrahedrite.  and  frw  jfold  in  a  gangue  of  (^nartz,  rhodonite, 
and  a  little  lluorite.  an-  s4>paratod  I ly  plates  or  lenses  of  relatively 
liiirrcn  rhinlonite.  This  sti-nctiire  is  illustrated  by  fig,  7,  which  is  a 
seetiuii  iif  the  Xo-Xame  vein  in  the  Sunnyside  ground. 

In  the  smaller  veins  and  stringers  earryiiig  gal<!iia  and  quartz  the 
galena  fi-ettuently  fills  the  medial  suture  formed  liy  the  opposing 
pyramidal  ends  oi  the  <|unrt/  crystals  which  have  grown  out  from  the 
walls  <if  the  fissure.  This  is  well  si-en  in  s<mie  of  the  veinlets  of  the 
Silv<M-  Ijjike  Hiuiiii.    Even  the  larger  lodes,  with  prevailingly  massive 
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stnieture,  not  infrequently  reveal  a  tendency  toward  a  final  crystjii- 
lizalion  of  the  galena  in  the  middle  portion  of  the  vein,  as  may  lie  seen 
in  parts  of  the  Iowa  Itnle  and  in  the  Idaho  claim,  on  the  Titusville 
lode.  This  same  tendency  is  also  illustrated  in  fig.  8,  which  is  a 
sketch  of  a  small  i-egularly  banded  vein  prospected  by  the  roadside 
half  a  mile  north  of  Houghton  Mountain  and  close  to  the  Loudon 
shaft. 

Reniatkably  fine  and  regular  banding  was  observed  in  the  ore 
thrown  out  <m  the  dump  of  n  .^mall  deserted  tunnel  on  what  is  proba- 
bly the  Osceola  claim,  in  Cunningham  Gulch,  about  half  a  mile  above 
Stony  Gnleh.  In  its  most  perfect  form  this  banding  consists  of  dark 
sheets  of  finely  crystalline  sphalerite  and  galena  about  one-half  milli- 
meter in  thickness,  separated  by  plates  of  vitreous  quartz  about  2 
millinietei's  in  thickness.  The  result  is  a  remarkablj'  regular  and 
striking  fine  banding  (PI.  XII,  .^4).  The  little  sheets  of  quartz  fre- 
quently show  comb  strncture    and   have  apparently  crystallized  in 


open  spaces.  In  some  facies  with  rather  wider  banding  chalcopyrite 
occurs,  chiefly  in  the  quartzose  bands.  The  cause  of  such  fine  and 
regular  banding  is  not  known,  but  is  iii'obably  eonneetetl  with 
mL'ia.-^iituitic  replacement.  The  ore  is  apiMirently  of  too  low  grade 
for  pii>fital)le  working  and  was  not  seen  in  place, 

Anolhcr  form  of  original  lutnding  is  that  exhibited  by  the  rich  gold 
on'  <it'  Die  Camp  llirdmine  (PI.  XII,  B).  As  elsewhei'c  descril>ed,  the 
rich  portion  of  IhU  lode  is  a  sheeted  zone  in  San  Juan  andesitic 
l>rci-i-ia  and  lies  next  the  main  hanging  wall  of  the  lode.  Within  the 
individual  fissures  of  this  zone  the  quartz  hius  crystallized  freely  in 
open  s]i!ici's.  Tlins,  in  the  si»eeimen  illustrated,  which  i-ein-eweuts  a 
(•liiir;ictcrisliccn)ss  section  of  one  of  the  richest  oivstreaks,  the  quartz 
crysl  ills  arc  iniplaulcd  at  their  bases  on  a  thin  seam  of  chalcedony  and 
cnilionalcs  carrying  a  little  finely  divided  galena  and  sphalerite  and 
assiK-iated  with  pulverulent  white  kaolin.  The  lliickness  of  this  seam 
of  r-lmlci'doiiy  and  katdin  varies  from  1  to  '2  centimeters.  From  this 
as  11  foundalioii  ,the  quartz  crystals  grew  out  into  the  fissure.     But 
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after  lliey  had  att»im'<I  a  lonffth  of  i  or  3  eeiitimetere  there  was  an 
enrk'hiiutnt  of  the  depoHiting  solutiona,  as  ia  shown  by  an  undulating 
dark  bund  tmversing  all  the  crystaln  in  a  general  direction  at  right 
angles  to  their  direction  of  growth  and  parallel  to  the  walla  of  the 
fisanre.  Thia  dark  hand,  wliich  in  uaually  about  a  quarter  of  a  centi- 
meter in  thickiiesa,  ia  madt*  up  of  free  gold,  galena,  sphalerite,  and  a 
minute  amount  of  some  unknown  l^llurido,  all  in  very  small  partit-les 
«mb>>dd)>d  in  the  (|uart/,.  After  thia  the  quartz  eryalals  continued  to 
grow  outwant  for  another  2  or  3 
centimeters,  containing  in  this 
portion  only  aeattered  specks  and 
bunches  of  ore  minerals.  The 
direct  outward  gi-owth  of  the 
quartz  crystals  now  stopped  and 
there  was  deposited  upon  the  wavy 
surface  defined  by  their  pyramidal 
terminationa  a  suceeasion  of  at 
least  6  distinct  coatings,  ditferiug 
in  color,  composed  of  cryptocrys- 
talline  aggregates  of  quartz,  cal- 
cite,  Ruorite,  sericit^,  and  a  little 
chlorite,  aggregating  in  thickness 
about  one-fourth  centimeter. 
Upon  these  coatings  there  was 
npxt  deposited  a  layer,  about  one- 
half  centimeter  thick,  consisting 
chiefly  of  finely  divided  particles 
uf  sphalerite,  galena,  and  poasibly 
other  ore  minerala.  This  is  the 
most  conapieuoua  dark  band  seen 
in  the  illustration.  This  band  is 
succeede<l  by  a  delicately  mottled 
pale-green  afi^i-egate  of  quartz, 
the  grains  of  which  aonietimes 
contain  free  gold,  calcit«,  sericite, 
and  fiuorite,  with  dark  patches  of 
ore.  This  aggregate  does  not 
exliiliit  tlie  characteristics  of  ma- 
il open  spai-es  and  is  probably,  in 
part  at  U'iist,  altered  and  ivplaccd  country  rock.  Variations  fwiui 
the  foiegoing  stnictui-c  are  met  witii  in  various  parts  of  the  Camp 
Binl  l<Hle,  but  llie  specimen  descrilted  iti  thorongldy  characteristic  of 
the  richest  i)re  and  illu.itrntes  well  its  curious  jukI  Ix'autiful  banding 
(lig.  0).  The  conspicuous  dark  baud,  locally  designated  "the  worm," 
is  the  iiiiiiei's"  sign  for  good  ore  in  this  itiItic. 

Ill  the  Tom  ilooi-e  mine  llio  pay  streak  fn'i[ucnlly  consistj^  of  chal- 


lerial  that  has  crystallizeil  freely 
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ebpyrite  in  the  middle  with  tetrahedrite  on  each  side,  the  latter  fading 
off  into  the  altered  country  rock. 

3.  Brecciated  structure, — Ore  formed  at  an  earlier  period  of  deposi- 
tion has  been  broken  into  angular  fragments  by  renewed  movement 
along  the  fissure,  and  recemented  by  fresh  deposition  of  the  ore  or 
gangue. 

Ore  so  shattered  as  to  come  under  this  head  has  not  been  noted  as 
a  conspicuous  feature  of  any  important  deposit,  although  some  brec- 
eiation  can  often  be  detected.  The  structure,  however,  is  best  exem- 
plified by  material  from  the  dump  of  the  Red  Cloud  mine,  in  which 
an  original  deposit  of  radially  fibrous  pyrite  has  been  broken  up  and 
held  together  by  a  younger  accumulation  of  vein  quartz  carrying  a 
little  sphalerite  and  galena  (PI.  XI,  C),  and  also  by  vein  filling  from 
the  Polar  Star  and  Palmetto  mines.  In  the  Red  Cloud  occurrence 
not  only  have  the  concentric  shells  of  pyrite  been  broken  up,  but  in 
some  cases  exceedingly  thin  coatings  or  sheets  of  the  sulphide  have 
been  floated  or  moved  out  into  the  quartz,  and  in  the  polished  speci- 
men from  which  PI.  XI,  C  was  made  these  delicate  curved  films 
embedded  in  the  quartz  resemble  the  finest  cloisonne  work  of  the 
Japanese. 

4.  Cellular  structure. — The  quartz  or  other  vein  material  has  crys- 
tallized as  a  mass  of  irregularly  intersecting  septA,  leaving  numerous 
drusy  cavities  separated  by  relatively  thin  walls. 

This  is  not  a  structure  characterizing  any  important  ore  deposit, 
and  was  not  seen  in  place.  But  it  is  of  interest  in  view  of  the  pos- 
sible light  that  it  may  throw  on  the  processes  by  which  the  vein- 
forming  materials  are  deposited.  The  structure  is  best  exemplified 
by  fragments  on  the  dump  of  the  Pride  of  Syra<;use  mine  and  on  an 
upper  dump  of  the  Empire*  group,  Sultan  Mountain.  In  the  latter 
case  the  septa  are  composed  chiefly  of  sphalerite  and  galena,  and  the 
cells  are  lined  with  drusy  quartz  and  in  some  cases  filled  with  rhodo- 
chrosite.  Beautiful  little  crystals  of  amber-colored  sphalerite  and  of 
tetrahedrite  were  observed  in  some  of  the  cells,  implanted  upon  quartz. 
It  is  possible  that  this  cellular  structure  may  have  resulted  from  some 
kind  of  pseudomorphous  replacement  coupled  with  the  solution  and 
removal  of  some  unknown  mineral. 

f).  SpheruUtic  structure. — The  quartz  of  a  vein  has  crystallized  in 
prisms,  often  imperfectly  formed,  which  show  a  marked  tendency  to 
group  themselves  in  radial  fashion  about  local  centers  of  crystalliza- 
tion. It  is  not  intended  to  treat  specially  under  this  head  such  min- 
erals as  tremolite,  wiiicli  exhibits  characteristically  a  radial  structure. 

A  rough  spherulitic  crystallization,  previously  described  by  Pur- 
ingtoii,'  was  noted  in  the  gold  quartz  of  the  Tomboy  mine  and,  in 
eoiniection  with  banding,  in  the  Camp  Bird  lode.  It  is  also  a  notable 
feature  of  the  North  St^r  lode,  where  woj'ked  in  the  Dives  mine  (see 


I  Preliminary  ruix)rt  on  the  mining  Indastries  of  the  Telluride  quadrangle,  Colorado:  Eigh- 
tevuth  Ann.  Kept.  U.  8  Geol.  Survey.  Pt.  lU,  1808.  p. 840. 
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PI.  XI,  A)y  and  of  the  Magnet  loile.  The  quartz  in  this  case  has  often 
grown  radially  outward  from  kernels  of  tetrahedrit-e.  Less  conspicu- 
ous radial  structure  was  noted  in  the  Silver  Queen,  at  the  head  of 
Placer  (tuIcIi. 

MICROSCOPICAL  FEATURES. 

In  the  larger  lodes,  with  massive  structure,  particularly  those  carry- 
ing much  galena,  the  crystallization  is,  as  a  rule,  so  coarse  that 
microscopical  study  is  of  use  only  in  furnishing  details  of  mineralog- 
ical  structure.  The  quartz  of  such  lodes  shows  the  usual  character 
of  vein  quartz,  and  has  crystallized  in  large,  irregular  grains,  inter- 
locking with  one  another  and  with  the  principal  ore  constituents.  The 
structure,  when  sufficiently  line  to  be  embraced  in  a  thin  section, 
is  typically  hypidiomorphic  granular  (PI.  IX).  Microscopic  fluid 
inclusions  with  gaseous  bubbles,  often  arranged  along  curved  sur- 
faces within  the  quartz,  are  always  present.  No  special  investigation 
of  the  hermeticall}'  inclosed  liquids  of  these  minute  cavities  has  been 
made  for  this  region,  but  they  are  probably  solutions  of  calcium  and 
alkaline  sulphates,  with  some  chlorides,  and  very  likely  carbonic  acid.* 
Interstitial  or  miarolitic  cavities  into  which  the  quartz  crystals  some- 
times project  are  common,  and  are  often  filled  with  calcite,  or,  in  the 
Silver  Lake  Basin,  with  chlorite  (PL  IX,  A). 

Vein  quartz  varies  widely  in  the  size  of  the  constituent  crystal 
grains.  In  the  Sunnyside  and  neighboring  lodes  the  galena,  sphal- 
erite, and  chalcopyrite  are  distributed  through  the  gangue  in  smaller 
particles,  and  the  quartz  grains  themselves  are  correspondingly  smaller 
than  those  in  the  Silver  Lake  veins.  PI.  IX,  B,  shows  a  typical  thin 
section  of  Sunnyside  ore,  in  which  chalcopyrite  and  sphalerite  happen 
to  be  the  dominant  ore  minerals. 

Still  other  ores,  of  which  that  of  the  Ridgway  mine  may  be  taken 
as  a  tyi>e,  exhibit  throughout  much  finer  crystallization.  The  quartz 
occurs  in  small  interlocking  grains,  and  the  ore  particles,  w^hich  in 
hand  specimens  are  often  so  small  as  to  render  the  quartz  cloudy  or 
black,  without  l)eing  themselves  individually  noticeable,  are  seen 
under  the  microscope  to  be  thickly  sprinkled  through  the  gangue 
and  to  be  very  irregular  in  shape.  They  occur  both  in  the  sutures 
l)etween  the  quartz  grains  and  within  the  grains  themselves  (PI, 
X,  .4).  Such  ore  is  almost  invariably  said  by  the  miners  to  contain 
brittle  silver.  But  neither  chemical  tests  nor  the  microscope  reveal 
stephanite.  In  the  Ridgway  ore  the  pai'ticles are  chiefly  argentite  with 
some  pyrite,  a  little  sphalerite,  and  sometimes  a  little  galena.  These 
finely  crystalline  ores  are  worked  for  silver  and  gold,  as  the  galena  is 
rarely  abundant  enough  to  pay  for  extraction.  But  they  are  by  no 
means  eciually  rich.     In  some  cases  the  finely  disseminated  ore  parti- 


'  (iold-tiiiarlz  vt'ins  of  Nevada  City  and  Gt&hh  Vallt^y  districts,  by  Waldomar  Lindirr«n:  Seven- 
teenth Ann.  Ropt.  U.  S.  Oeol.  Survey,  l«»tt,  Pt.  II,  p.  l-il. 
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cles  are  chiefly  argentiferous  galena,  sometimes  a  lead  sulphobis- 
miithite,  and  oecasionall}'  tetrahedrite.  Proustito  (ruby  silver)  was 
noted  ill  the  Ben  Butler  mine,  with  finely  crystalline  galena,  which 
is  ernmeously  called  brittle  silver  by  the  miners. 

The  gangue  of  the  rich  ore  of  the  Camp  Bird  mine  shows  several 
interesting  variations  in  its  microstructure,  and  diffei's  from  that  of 
any  other  lode  known  in  the  quadrangle.  A  characteristic  structure 
and  mineralogical  composition  is  that  shown  in  PI.  X,  B,  where  quartz, 
calcite,  and  fluorite  are  crystallized  together.  Tliis  is  a  common 
appearance  of  the  pale-green,  finely  crystalline  aggregaUi  which  has 
crystallized  concentrically  outside  of  the  dark,  wav}^  ore  band  sliown 
in  PI.  XII,  B.  The  quartz  here  shows  a  distinct  tendency  toward  idio- 
morphic  form,  and  in  sections  transverse  to  the  prism  usually  reveals, 
in  i)olarized  light,  a  zonal  structure  the  outer  shells  of  which  are 
composed  of  shadowy  sectors  differing  in  their  interference  tints  (PI. 
X,  B).  These  quartz  grains  contain  inclusions  of  chlorite  and  a  min- 
eral in  acicular  crystals  too  small  for  identification.  The  inclusions 
are  most  abundant  near  the  center  of  the  crystal.  The  fluorite  is  not 
always  present,  and  the  gangue  is  frequently  much  more  finely  crys- 
talline and  often  shows  nests  of  sericite.  This  portion  of  the  gangue 
has  evidently  crystallized  in  part  in  open  spaces,  but  it  has  also 
undoubtedly  in  part  resulted  from  a  metasomatic  replacement  of  the 
San  Juan  breccia  adjacent  to  or  included  within  the  main  fissure 
zone.  The  microscope  shows  the  free  gold  to  occur  in  nests  of  minute 
hackly  particles  solidly  embedded  in  quartz.  It  is  apparently  most 
abundant  in  the  coarsely  crystalline,  vitreous,  radial  quartz  (see  PI. 
XII,  B),  but  also  occurs  in  the  quartz  just  outside  of  the  dark  ore  band 
already  referred  to.  As  seen  under  the  microscope  this  ore  band  con- 
sists of  particles  of  galena,  light-yellow  sphalerite,  and  chalcopyrite 
in  quart7.  The  gold  was  not  seen  in  the  dark  band  itself,  but  is 
nearly  always  within  a  few  centimeters  of  it,  usually  associated  with 
a  little  galena  and  sphalerite. 

Although  as  a  rule  the  ores  occupy  filled  fissures,  yet  tn  a  few  cases 
the  gangue  in  v^hich  the  ore  occurs  is  composed  wholly  or  in  part  of 
country  rock  Avhich  has  been  altered  to  an  aggregate  of  quartz,  and 
usually  one  or  more  of  the  foUowing  minerals:  Calcite,  sericite,  kao- 
lin ite,  chalcedony,  fluorite.  Such  aggregates  generally  differ  from  true 
vein  filling  in  showing  under  the  microscope  a  much  finer  crystalliza- 
tion of  their  constituents  into  a  mosaic  which  is  more  or  less  cloudy 
when  seen  between  crossed  nicols.  The  grains  of  quartz  seldom 
exhibit  th<»  clear,  definite  boundaries  seen  in  vein  filling,  such  as  is 
shown  in  PI.  IX.  Moreover,  the  sericite  and  calcite  are  often 
groujied  in  areais  whose  form  is  tliat  of  former  feldspathic  i)heno- 
crysts.  This  structure,  however,  will  be  more  fully  described  in  the 
section  on  the  metamorphism  of  the  country  rock. 


94  ECONOMIC   GEOLOGY    OF   8ILVEBT0N    QUADRANGLE,     [bull. MS. 

AREAL  DISTRIBUTION   OF  THE   LODE   ORES. 

The  various  mineralogical  and  structural  types  of  ore  are  not  dis- 
tributed at  random  over  the  quadrangle,  but  a  given  jiortion  of  the 
area  is  often  characterized  by  ore  of  a  certain  kind,  differing  from 
those  which  preponderate  in  other  portions.  These  areal  subdivisions 
are  not  sharply  bounded,  and  it  often  happens  that  in  a  district  in 
which  most  of  the  lodes  contain  a  certain  type  of  ore  there  will  occur 
other  ores  which  are  more  characteristic  of  some  other  district  in  the 
quadrangle.  Hut,  notwithstanding  these  transitions  and  exceptions, 
the  localization  of  ore  types  is  a  striking  feature  of  the  region. 

The  lodes  traversing  the  mass  of  Sultan  Mountain  are  quite  com- 
monly filled  with  rather  coarsely  crystalline  vein  filling,  carrying 
galena,  tetrahedrite,  and  chalcopyrite,  with  some  sphalerite  and  pyrite, 
in  a  gangue  of  quartz  and  barite.  Their  chief  value  is  in  silver.  The 
most  productive  of  these  lodes  has  been  the  North  Star,  which  pro- 
duced an  oi'e  running  al>out  40  per  cent  lead  and  70  ounces  of  silver. 
This  lo<lc  is  in  monzonite,  but  mineralogically  similar  ore  is  found  in 
the  King  lode  in  Algonkian  schists,  said  to  carry  about  0.1  ounce  of 
gold,  55  ounces  of  silver,  and  15  per  cent  of  lead.  The  ore  of  the 
Empire  group  of  veins  is  generally  similar  in  character. 

Southeast  of  Silverton,  in  the  vicinity  of  Deer  Park,  are  numerous 
mineralized  fissures  cutting  the  schists  and  granites,  and  in  some 
<?ases  the  overl3-ing  San  Juan  breccia.  These  are  occupied,  as  a  rule, 
by  quartz  veins  carrying  pyrite,  with  a  little  galena,  sphalerite,  and 
chalcopyrite.  They  are  prospected  for  gold,  which  occurs  free  in 
small  pockets.  Compared  with  most  of  the  lodes  in  the  quadrangle 
these  veins  are  not  heavily  mineralized,  and  are  not  mined  on  an 
important  scale. 

The  lodes  of  Silver  Lake  Basin  ai'e  characterized  by  coarse,  massive 
structure  and  are  heavily  mineralized.  Galena  often  exceeds  all 
other  constituents  of  the  vein  filling  in  amount,  and  lead  is  an  impor- 
tant factor  in  the  output.  Sphalerite  and  chalcopyrite  accompany 
the  coarsely  crystalline  galena,  and  there  is  usually  some  pyrite 
present.  The  gangue  is  quartz,  often  containing  chlorite.  Tetra- 
hedrite^ occurs  spora<Ucally  in  many  of  these  lodes,  and  barite  was 
noted  in  the  Ko3^al  Tiger  workings.  These  are  generally  low-grade 
concentrating  ores,  averaging  from  ^8  to  ^15  per  ton.  Free  gold  is 
rarely  seen,  but  the  gold  tenor  in  some  of  the  lodes  of  Group  II  (see 
p.  147)  may  rise  to  2  or  3  ounces  per  ton.  In  the  Silver  Lake  mine 
about  half  the  value  of  the  output  is  from  the  gold;  the  remainder 
being  in  silver,  lead,  and  copper.  The  other  mines  contain  less  gold, 
and  the  Royal  Tiger  mine  depends  chiefly  upon  its  lead.  Most  of  the 
ore  of  Ilazelton  Mountain  appears  to  have  been  of  the  general  type 
just  outlined.  A  thousand  tons  from  the  Aspen  mine  is  said  to  have 
produced  110  ounces  of  silver  i)er  ton  and  GO  per  cent  lead,  although 
the  average  tenor  was  somewhat  less  than  this.     An  exception  of  the 
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8ort  referred  to  at  the  beginning  of  this  section  is  afforded  by  the 
Little  Giant  lode,  on  the  north  side  of  Arrastra  Gulch,  which  pro- 
duced a  free-gold  ore. 

In  Maggie  Gulch  the  greater  number  of  the  lodes  contain  siliceous 
ores,  of  which  that  of  the  Ridgway  mine  may  be  taken  as  the  general 
t^-pe  (PI.  X,  ^4).  In  these  ores  the  quartz  is  finely  crystalline  and 
the  ore  minerals  occur  as  minute  dark  specks,  which,  when  abundant, 
give  the  gangue  a  dark,  clouded  appearance.  In  the  Ridgway,  the  only 
mine  working  these  ores  on  a  commercial  scale,  the  ore  particles  are 
chiefly  argentite.  But  in  other  oases  they  are  galena,  and  apparently 
not  always  very  argentiferous.  The  erroneous  belief  of  the  pros- 
pectors that  these  minute  ore  particles  are  nearly  always  "brittle 
silver"  has  in  some  cases  resulted  in  much  fruitless  labor.  In  one 
instance  a  prospecting  tunnel  of  considerable  length  was  being  run 
on  expectations  excited  by  a  few  minute  bunches  of  '*  brittle  silver," 
which  weix*  in  reality  worthless  specularity.  Ores  generally  similar 
to  those  of  Maggie  Gulch  occur  at  various  points  in  the  northeastern 
part  of  the  quadrangle,  particularly  in  the  vicinity  of  Mineral  Point. 

In  Sunnyside  Basin  and  at  the  head  of  Placer  Gulch  the  ores  are 
coiiftTionly  of  moderately  coarse  crystallization  and  carry  abundant 
galena,  sphalent^,  and  chalcopyrite.  They  ai'e  almost  invariably 
associated  with  abundant  rhodonite.  Of  low  grade  as  a  whole,  they 
sometimes  contain  bunches  of  rich  ore,  which,  in  the  Sunnyside  Exten- ' 
slon  mine,  are  known  to  have  carried,  in  carload  lots,  as  much  as  74 
ounces  of  gold  per  ton,  mostly  free.  The  ore  of  the  Sunnyside  mine 
may  be  considered  as  typical  of  this  district. 

In  Poughk<»epsie  Gulch  the  ores  partake  somewhat  of  the  charac- 
teristics of  those  of  the  Sunnyside  Basin  and  of  Mineral  I*oint.  But 
their  most  characteristic  feature  appeal's  to  have  been  in  the  occur- 
rence of  the  lead  and  silver  in  some  combination  with  bismuth,  usually 
as  an  argentiferous  sulphobismuthite  of  lead.  The  ore  of  the  Alaska 
mine  is  a  well-known  example  and  has  Ijcen  described  on  page  195. 

In  th<»  extreme  northeast  corner  of  the  quadrangle  many  of  the 
prosijects  and  some  of  the  mines  formerly  worked  are  characterized 
by  argentiferous  copper  ores,  usually  chalcocite  or  bornite,  with  some 
galena  and  chalcopyrite. 

What  may  conveniently  be  termed  the  Red  Mountain  Range, 
embracing  the  region  bounded  by  Cement,  Grey  Copper,  and  Mineral 
creeks,  is  charact(»rized  by  the  predominance  of  the  stock  deposits 
and  their  peculiar  ores,  which  will  be  described  in  subsequent  pages. 

Lastly,  in  the  northwest  corner  of  the  quadrangle,  ores  carrying 
much  galena,  and  recalling  in  some  of  their  features  those  of  Silver 
Lak(»  Basin,  are  associated  with  gold  ores  such  a«  those  of  the  Camp 
]V\vd  and  Tomboy  mines. 

As  far  as  could  be  determined,  the  distribution  of  ore  types  as  briefly 
sketched  in  the   foregoing   paragraphs  is  purely  ai*eal  and  is   not 
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(lopcMident  upon  kiixl  of  country  rock  or  direction  of  fissuring.  Finally, 
enipliasis  should  ajj:ain  Ih»  laid  upon  the  fact  that  thei^e  is  much  over- 
lai)pin<;  and  interniinjj:linj;  of  types,  and  that  ores  of  many  kinds  may 
occur  in  any  given  limited  district.  Fn^e-gold  ores,  in  particular,  may 
be  exi)ected  to  occur  in  any  part  of  the  quadrangle. 

DISTKIBUTION   OP  THE   ORES   WITHIN  THE   LODES. 

Lodes  are  seldom  equally  well  mineralized  in  all  portions.  Those 
parts  of  a  hxle  or  vein  which  are  sufficiently  large  and  rich  to  be 
prolitably  worked  aix"*  commonly  known  as  pay  shoots  or  ore  shoots, 
sometimes  spelled  ore  chutes.  The  first  term  is  regarded  as  prefer- 
able*, inasmuch  as  it  expresses  concisely  the  thing  meant,  and  can  not 
be  confound(»d  with  the  ore  chutes  or  mill  holes  of  timber  through 
which  ore  is  drawn  from  the  stopes  into  the  mine  levels.  A  jiay  shoot 
is  obviously  not  a  thing  capable  of  exact  delimitation.  Its  size  and 
shape  depend  to  some  extent  on  fluctuations  in  the  metal  market 
(unless  purely  a  gold  ow)  and  on  variations  in  the  operating  expenses 
of  the  mine.  Hut  the  concentration  of  ore  in  certain  p>ortions  of  a 
lode  separated  by  unprofitable  lode  matter  is  a  very  im|K>rtant  phe- 
nomenon, and  one  that  can,  as  a  rule,  Ije  studied  and  discussed  only 
as  it  is  revealed  in  the  exploitation  of  pay  shoots  by  actual  stoping. 

A  complete  study  of  pay  shoots  requires  good  stope  maps,  carefully 
revised  to  date,  and  an  advanced  stage  in  the  develoi>ment  of  the 
lodes.  Except  for  a  few  localities,  these  favorable  conditions  are  not 
found  in  the  Silverton  quadrangle.  The  advantage  in  all  future 
development  of  having  a  record  of  past  work  is  not  always  fully 
realized,  and  the  miner  is  too  often  content  simph'  to  follow  his  ore 
where  he  finds  it,  adapting  his  work  merely  to  the  needs  of  to-day. 
In  simple  lodes  with  continuous  pay  shoots  this  rough-and-ready 
mining  nmy  succeed  well  enough.  But  in  complex  lodes,  or  in  groups 
of  lodes,  such  as  those  of  th(»  Silver  Lake  mine,  systematic  mapping 
and  the  adaptation  of  the  development  to  future  probabilities  may 
mean  success  where  the  more  ordinary  method  w^ould  result  in  failure. 
On  account  of  the  general  absence  of  accurate  stope  maps  and  the 
small  depth  of  most  of  the  mines  operating  in  the  quadrangle  the 
following  observations  on  the  pay  shoots  are  fragmentary  and  often 
unsatisfactorv. 

In  most  of  the  workable  veins  and  simple  lodes,  such  as  those  of 
Sultan  Mountain  and  Silver  Lake  Basin,  pay  ore  is  usually,  although 
not  invariably,  found  wherever  the  fissure  is  wide  enough  to  hold  an 
ore  body.  This  appears  to  be  particularly  true  of  the  New  York  City, 
Stelzner,  Royal,  and  Iowa  veins.  Thus,  in  these  veins,  distinct  pay 
shoots,  separated  by  stretches  of  bairen  lode,  do  not  proi)erIy  occur 
or  have  not  been  demonstrated  by  mining  oi)erations.  The  pay  shoots 
take  their  shape,  as  a  whole,  from  the  form  of  thc^  fissure.  A  partial 
exception  to  this  is  found,  however,  in  the  impoverishment  of  the 
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locles  of  Group  II  as  tliey  approach  the  Silver  Lake  Iwle,  which  is 
itself  of  lower  grade,  and  in  occasional  spots  where  the  lodes  retain 
their  width  but  are  t*)o  low  grade  to  work.  The  pay  shoots  of  these 
lodes  also  grow  longer  with  depth,  which  is  apparently  due  to  the 
increasing  length  of  the  fissures  in  connection  with  the  dip  of  the 
Silver  Lake  lode.  In  the  Silver  Lake  lode  the  pay  ore  is  found  in 
bunches  of  varying  size;  but  as  these  bunches  usually  occur  wherever 
the  filling  of  the  fissui'e  is  wide  and  firm  they  probably  do  not  consti- 
tute a  marked  exception  to  the  foregoing  general  rule.  In  the  Royal 
Tiger  mine  not  enough  work  has  been  done  to  reveal  the  real  shape 
and  extent  of  the  ore  boily.  In  the  North  Star  mine,  on  Little  Giant 
Mountain,  the  ore  occurred  irregularly  in  a  stringer  lead,  but  the  old 
sto[)e  maps  show  the  pay  shoot  as  a  whole  to  have  been  about  700  feet 
in  lengtli  on  the  levels  and  to  hav^e  pitched  to  the  southeast.  Other 
small  ore  bodies  were  found  farther  in  the  mountain,  to  the  northwest. 
In  the  Sunnyside  and  Sunnyside  Extension  mines  the  pay  shoots  are 
mainly  lenticular  bodies  30  or  40  feet  in  length,  lying  on  the  hanging 
or  foot  wall  side  of  the  lode,  or  between  plates  of  rhodonite.  Owing 
to  the  la(*k  of  maps,  the  exact  sizes  and  shapes  of  these  ore  bodies  are 
not  known. 

In  the  Silver  Queen  mine,  on  Bear  Creek,  the  ore  occui-s  in  thi*ee 
separate  pay  shoots,  pitching  south  and  separated  by  from  12  to  15 
feet  of  lean  quartz.  The  northern  pay  shoot  consists  of  low-grade 
chalcopyrite,  with  subordinate  galena  and  tetrahedrite.  The  middle 
ore  body  is  rich  in  an  argentiferous  sulphobismuthite  of  lead  associ- 
ated with  galena,  but  changed  to  chalcopyrite  in  stoping  upwaixl  from 
the  tunnel  level.  The  south  pay  shoot  is  almost  wholly  galena.  The 
development  of  this  mine  is  very  superficial  and  the  three  pay  shoots 
may,  with  moiv  extensive  workings,  be  found  to  be  simply  portions 
of  one  oi*e  ])odv. 

In  the  Camp  Bird  mine  the  pay  shoots,  so  far  as  known,  appear  to 
be  coextensive  with  the  lode,  disappearing  only  where  the  fissures 
locally  contract  to  a  mere  crack.  What  is  known  as  the  west  pay 
shoot  is  about  1,2(X)  feet  in  length,  and  othei*s  occur  along  the  lode, 
separated  by  pinches.  The  pay  shoots  are  stated  to  be  increasing  in 
length  with  depth.  As  previously  jwinted  out  (p.  80),  the  auriferous  . 
portion  of  the  lode  lies  next  the  hanging  wall,  with  a  silver-lead  streak 
near  the  foot  wall. 

In  the  Tomboy,  also,  the  pay  shoots,  as  indicated  by  the  stopes,  are 
long,  and  are  practically  identical  with  the  lode  itself,  disappearing 
only  where  the  latter  is  pinched.  According  to  Mr.  John  llerron, 
supeiintendent,  \\w  pay  shoots  lie  flat  in  the  lode,  one  above  another, 
and  extend  diagonally  across  from  wall  to  wall.  They  are  said,  more- 
ovei-,  to  be  often  connected  with  certain  post-min(»ral  fractures  which 
cross  the  vein  diagonally  in  the  same  direction  (see  p.  200).  There 
was  no  means  of  verifying  these  statements,  and  such  minor  pay 
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shoots,  with  the  intervening  lowor-gra<le  quartz,  are  all  sloped  out  in 
working  and  would  not  appear  in  an  onlinary  ^Xope  map.  It  is 
lK*yond  question,  however,  that  in  this  mine  the  lx»sf  ore  occurs  in 
(luartz  which  has  bc^en  crushed  by  movements  subsequent  to  its 
original  dej)osition.  The  solid,  unbroken,  unstained  quartz  is  invari- 
ably of  somewhat  lower  grade.  As  in  the  Camp  Bird,  the  auriferous 
ore  is  next  the  hanging  wall,  a  silver-lead  streak  lying  near  the  foot 
wall. 

From  large,  I'egular  pay  slioots,  sucli  as  are  found  in  the  New  York 
City,  Camp  Bird,  an<l  Tomlx)y  hxles,  all  gradaticms  nmy  l>e  found 
through  smaller,  nu)re  irregular  ore  bodies  down  to  the  occasional 
small  pockets  of  rich  ore  encountered  in  some  of  the  lo<Ies  of  Deer 
Park  and  Maggie  Gulch. 

The  changes  which  take  place  in  pay  shoots  witli  depth  are  exceed- 
ingly important  in  mining  oi>erati(»ns.  Unlike  the  auriferous  lodes  of 
California,  which  rarely  show  any  progressive  or  regular  change  in 
the  character  of  their  ores  even  to  depths  of  2,oCH)  feet,  the  pay  shoots 
of  the  Silverton  quadrangle  are  less  constant.  It  is  a  common  belief 
among  mining  men  of  this  i*egion  that  lead  ores  do  not  go  down  to 
great,  or  even  to  moderate,  depths.  In  part  this  opinion  is  plainly 
traceable  to  the  experience  gained  in  exploiting  the  stocks  of  the  Red 
Mountain  district,  which  will  be  described  in  subsequent  pages;  but 
it  is  pertinent  here  to  see  how  far  it  is  justified  by  the  known  facts  in 
regard  to  the  knles. 

In  the  AsiM»n  mine  there  are  said  to  have  l)een  several  veins  near 
the  surface  which  came  together  at  uKHierate  depth.  Below  a  depth 
of  800  feet  the  galena,  which  was  very  abundant  in  the  upper  levels, 
is  said  by  Mr.  W.  II.  Thomas  to  have  so  diminished  in  amount  as  to 
make  further  work  unprofitable.  According  to  the  same  informant 
the  ore  of  the  Belcher  mine,  on  Sultan  Mountain,  carried  abundant 
galena  of  good  grade  in  the  up[)er  workings,  but  this  decreased  in 
amount  and  value  in  the  lower  levels,  while  sphalerite  grew  more 
al)undant.  Actual  verification  of  these  statements  b}'  observation  is 
not  now  practicable,  but  Mr.  Thomas,  who  had  been  connected  with 
both  mines,  was  undoubtedly  himself  convinced  of  the  truth  of  his 
stiitements.  In  the  Koyal,  Stelzner,  New  York  City,  Iowa,  and  East 
Iowa  lodes  there  is  no  present  indication  of  any  diminution  of  galena 
or  of  any  other  regular  change  in  the  ore  with  increasing  depth.  The 
ore  of  the  New  York  Citv  lode  where  cut  bv  the  Unity  tunnel,  about 
1,200  f(»et  l>elow  the  croppings,  shows  abundant  galena,  and  is  similar 
to  the  ore  in  the  same  vein  on  levels  C  and  /,  400  and  700  feet, 
resp(»ctively,  above  tlie  Unity  level.  If  anything,  it  is  of  higher 
grade.  The  Buckeye  lode  (part  of  the  Titusville  lode)  has  not  been 
exploit<Mi  to  great  depth,  but  tetrahedrite  was  undoubtedly  more 
abundant  in  the  ui)per  than  in  the  lower  tunnel.  In  the  North  Star 
mine,  on  Little  Giant  Peak,  a  change  in  the  character  of  the  ore  is 
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well  authenticated  by  Mr.  W.  Crooke,  the  manager.  For  200  feet 
below  the  eroppings  the  ore  was  largely  sulphate  of  lead  (anglesite) 
with  some  galena,  and  did  not  carry  much  silver.  Below  that  level 
it  changed  to  unoxidized  galena.  With  increasing  depth  the  place  of 
the  galena  was  largely  taken  by  argentiferous  tetrahedrite,  and  in  the 
lowest  workings,  about  600  feet  below  the  cropping,  there  was  very 
little  galena  found.  The  bottom  of  the  pay  ^hoot  is  said  to  have  been 
reached  in  the  lowest  workings,  although  the  fissure  zone  continues 
to  an  unknown  depth  and  probably  contains  other  pay  shoot.s,  which, 
however,  may  not  Ix?  large  or  rich. 

In  the  Polar  Star  mine,  on  Engineer  Mountain,  the  ore,  consisting 
of  argentite  and  proustite,  is  said  by  Mr.  MV.  Crooke  to  have  changed 
abruptly  to  iron  pyrite,  carrying  about  12  ounces  of  silver  per  ton 
and  no  gold.  According  to  Mr.  Crooke,  this  change  was  generally 
encountered  at  about  the  same  level  in  all  of  the  mines  on  this  portion 
of  the  mountain.  The  exact  depth  at  which  the  change  took  place  is 
not  knoMHi,  but  it  must  have  been  moderate,  probably  not  more  than 
5(K)  feet.  In  the  Palmetto  mine,  on  the  northeastern  extension  of  the 
Polar  Star  loile,  the  ore  near  the  surface  ran  as  high  as  $500  per  ton, 
and  contained  ruby  and  so-called  '*  brittle"  silver  (probably  proustite 
and  argentite),  resembling  that  of  the  Polar  Star  mine.  The  lode 
struck  in  the  shaft  at  a  depth  of  400  or  500  feet  was  of  low  grade,  and, 
as  the  dump  shows,  contained  much  pyrite.  In  this,  as  in  the  case  of 
the  Old  Lout  and  Pride  of  Syracuse,  it  is  sometimes  asserted  that  the 
lode  found  in  the  deeper  workings  was  not  the  same  as  that  which 
had  l>een  productive  above.  While  a  mistake  of  this  kind  is  not 
impossible  in  individual  cases,  the  threefold  repetition  of  such  a  mis- 
chance in  the  Silverton  region  may  be  set  down  as  highly  improbable. 
The  histories  of  the  Pride  of  Syracuse  mine  on  Engineer  Mountain 
and  of  the  San  Juan  Chief  mine  are  almost  repetitions  of  that  of  the 
Palmetto.  The  Old  Lout  lo<le,  which  produced  rich  bismuthiferous 
ore  to  the  extent  of  several  hundred  thousand  dollars  from  a  shaft 
sunk  on  the  lo<le,  proved  too  poor  to  work  when  crosscut  by  a  long 
tunnel  from  the  bottom  of  Poughkeepsie  Gulch,  alx)ut  a  thousand  feet 
below  tlie  ci'oppings.  The  ore  from  this  lowest  level  shows  galena, 
chalcopyrite,  sphalerite,  and  pyrite,  about  equally  distributed  in  a 
gangue  of  quartz  with  a  little  barite.  The  U.  S.  Depository  lode,  in 
llichmcmd  Basin,  i)roduced  some  galena  ore  in  the  upi)er  workings, 
but  where  cut  by  a  tunnel,  at  a  depth  of  something  over  500  feet,  the 
lode  proved  worthless.  In  this  case  the  lode  is  well  defined,  but  shows 
scarci^ly  any  mineral izati<m  in  the  lower  workings.  In  the  Uncom- 
pahgre  Chief,  a  prosi>ect  near  Mineral  Point.,  a  shaft  50  feet  in  depth 
has  passtMi  through  ore  containing  an  argentiferous  sulphobismuthite 
of  copiKM-  and  lead,  into  an  ore  of  which  pyrite  is  the  chief  mineral 
constituent.  In  the  Dolly  Varden  mine,  north  of  Rose's  Cabin,  accord- 
ing  to  3Ir.    James  Abbott,   good   ore  containing  tetrahedrite  and 
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"brittle  silver"  (?)  was  found  in  the  shaft,  but  no  pay  ore  was  encoun- 
tered in  a  lower  crosscut  tunnel. 

From  the  foregoing  it  appears  that  in  this  region  pay  shoots  con- 
taining chiefly  ores  of  lead,  silver,  and  copper  may  change  in  miner- 
alogi(»al  character  and  in  value  within  very  moderate  depths.  But 
wliile  galena  in  one  case  has  been  succeeded  by  tetrahedrite  and  in 
another  case  partly  by  sphalerite,  in  other  lodes  containing  silver- 
lead  ore  tetrahedrite  (Royal  Tiger  and  Buckeye  mines)  and  sphal- 
erite (Iowa  lode)  have  been  more  abundant  in  the  upper  than  in  the 
lower  workings.  Thus  the  facts,  as  at  present  known,  do  not  justify 
the  general  statement  that  galena  passes  into  gray  copper  with  depth, 
or  vice  versa.  The  change  from  galena  to  sphalerit-e  with  increasing 
depth  is  a  well-known  phenomenon  in  the  lead  and  zinc  deposits  of 
southwestern  Wisconsin,  and  is  explained  by  Van  Hise  ^  as  a  result 
(1)  of  a  first  concentration  by  ascending  waters  and  (2)  of  a  second 
concentration  by  descending  watei*s.  It  is  possible  that  the  change 
recorded  in  the  Belcher  is  of  this  character.  But  the  occurrence  of 
abundant  argentiferous  galena  and  tetrahedrite  in  the  Virginius  lode 
at  the  Revenue  Tunnel  level,  over  2,000  feet  below  the  croppings,  and 
of  galena  in  the  deepest  workings  on  the  New  York  CHy  lode,  indicate 
that  both  tetrahedrite  and  galena  maj-  occur  abundantly  and  retain 
their  values  at  far  greater  depths  than  were  reached  in  the  Aspen, 
North  Star,  and  other  mines  of  the  Silverton  quadrangle,  in  which 
the  pay  shoots  are  reported  to  have  diminished  in  value  or  to  have 
disappeared  entirely.  As  applied  to  the  lodes,  therefore,  the  often- 
heard  arbitrary  dictum  that  galena  and  tetrahedrite  **do  not  go 
down,"  in  so  far  as  it  relates  to  the  depths  ordinarily  met  with  in 
mining,  is  a  generalization  based  on  insuf&cient  premises,  although, 
as  will  appear  in  the  discussion  of  the  origin  of  the  ores,  there  are 
theoretical  reasons  for  supposing  these  minerals  less  likely  than  cer- 
tain other  sulphides  to  be  found  in  abundance  at  great  depths.  With 
regard  to  the  rich  silver  ores  argentite  and  pioustite,  the  known  facts, 
incomplete  as  they  are,  seem  to  warrant  the  conclusion  that  these 
minerals  occur  in  the  upper  portions  of  the  lodes  only,  and  do  not 
extend  to  great  depths,  probably  rarely  over  500  feet  in  this  region. 
This  is  in  general  accord  ^^ith  observations  in  other  districts  where 
these  and  other  rich  silver  minerals  occur,  and,  as  will  be  later  shown, 
this  fact  has  an  important  bearing  on  the  question  of  the  genesis  of 
the  ores. 

The  vertical  range  of  the  argentiferous  sulphobismuthites  of  lead 
occurring  in  the  Silverton  region  is  not  known,  but  there  are  some 
indications  that  they  do  not  extend  to  great  depths. 

The  free  gold  ores  have  not  vet  been  worked  to  a  sufficient  extent 
in  the  Silverton  quadrangle  to  furnish  any   very  reliable  data  as  to 
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their  possible  ('hanges  in  value  with  depth.  The  indieations,  however, 
are  in  favor  of  a  varying,  but  on  the  whole  more  nearly-  constant, 
tenor  as  they  are  mined  to  greater  depths,  than  in  the  case  of  silver- 
load  ores.  It  is  fair  to  assume  that  the  considerable  depth  to  which 
the  lodes  of  C'alifornia  have  been  mined  without  revealing  any  regular 
increase  or  <lecrease  in  the  tenor  of  the  pay  slioots  below  the  zone  of 
oxidation  is  something  more  than  a  mere  local  phenomenon,  and 
holds  for  gold-quartz  Icnles  somewhat  generally,  provided  that  the 
lissures  an*  continuous  and  the  country  rock  is  uniform. 

RELATION  OF  ORES  TO  KIND  OF  COUNTRY  ROCK. 

As  far  as  known,  the  influence  of  the  country  rock  upon  the  deposi- 
tion of  the  lode  ores  in  the  Silverton  quadrangle  is  small.  Ext-ensive 
productive  ore  bodies  occu"  in  monzonite  and  in  the  volcanic  rocks  of 
both  tht*  Silverton  and  San  Juan  series;  and,  although  none  are  worked 
in  the  Algonkian  schists,  there  is  no  indication  that,  given  a  suitable 
fissure,  ores  would  not  be  deposited  as  readily  in  these  as  in  other 
rocks.  The  influence  of  the  wall  rock  upon  ore  deposition  appeai*s  to 
be  limited  to  a  tendency  to waixl  impregnation  and  replacement  in  the 
deposition  of  ores  in  some  of  the  rhyolitic  and  andesitic  flow  bi^eccias 
and  tuffs.  This,  however,  is  a  phenomenon  relating  to  the  form  of  the 
dei)osit,  and  to  the  subject  of  the  alteration  of  the  wail  rocks  rather 
than  to  the  character  of  the  ores  themselves. 

SECONDARY  ALTERATION  OF  THE  LODE  ORES. 

Owing  to  the  fact  that  erosion  in  this  high  region  is  effected  by 
mechanical  disintegration  rather  than  by  secular  decay,  the  oxidation 
of  the  ores  is  not,  as  a  rule,  very  extensive,  and  is  sometimes  negligi- 
ble. In  the  North  Star  mine,  on  Little  Giant  Peak,  oxidized  ore,  con- 
sisting chiefly  of  angles! te,  is  reported  to  have  extended  to  a  depth  of 
1^00  feet.  Ordinarily,  however,  complete  oxidation  is  very  superficial, 
although  traces  may  l)e  found  at  much  greater  dei)ths  than  200  feet. 
Carbonate  and  sulphate  of  lead  and  carlxmates  of  copper,  often  asso- 
ciated with  the  unaltered  sulphides,  occur  in  the  croppings  of  most  of 
the  lodes  carrying  galena  and  tetrahedrite  or  chalc()i)yrite.  In  the 
Silver  Lake  mine  sulphate  and  carbonate  of  lead  occurred  abundantly 
in  the  highest  level  (No.  4)  with  unoxidized  ore.  At  the  level  below, 
however,  the  secondary  or(»s  were  unimportant.  As  is  commonly  the 
case  in  this  region,  there  is  no  sharp  line  separating  an  upper  zone  of 
(»xidation  from  th(*  sulphide  ores.  The  decomposition  of  the  original 
on*  minerals  has  penetrated  irregularly  downward  wherever  oxidizing 
waters  found  opportunity  to  descend,  and  is  seldom  limited  by  a  dis- 
tinct water  level.  Very  commonly  the  level  of  permanent  water  lies 
far  l>elow  the  oxidized  portion  of  the  lode.  In  the  Tomboy  and  Gamp 
Bird  mines  black  oxide  of  manganese  occui^s  in  the  deepest  workings 
and  usually  indicates  good  ore.     In  these  cases  the  oxide  appeal's  to 
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be  associated  with  post -mineral  fracturing  and  crushing  and  to  have 
been  deposited  later  than  the  bulk  of  the  ore.  In  the  New  York  City 
lode  of  the  Silver  Lake  mine  a  sooty,  amorphous  sulphide  of  copper 
occurs  with  pyrite,  chalcopyrite,  galena,  and  sphalerite.  This  is 
probably  of  secondary  origin,  and  although  not  a  product  of  ordinary 
oxidation  is  yet  considered  as  due  to  descending  waters  percolating 
downward  from  the  zone  of  weathering  above. 

ORIGIN   OF  THE   LODE    ORES. 

Although  the  ores  of  the  lo<le  present  many  features  not  found  in 
the  stock  deposits  of  the  Red  Mountain  district,  yet  in  the  essential 
points  of  their  origin  they  possess  so  much  in  common  that  it  would 
be  impossible  to  treat  the  two  forms  of  deposit  separately  without 
much  overlapping.  Accordingly  the  question  of  the  origin  of  the  lode 
ores  will  be  left  in  abeyance  until  the  stocks  have  been  described. 

VALUE  OF  THE  LODE  ORES. 

G^enerally  speaking,  the  lode  ores  of  the  Silverton  quadrangle  are 
of  low  grade  and  require  careful  mining  and  milling  to  yield  profit- 
able returns.  The  ores  which  are  or  have  l>een  worked  vary  in  value 
from  a  probable  minimum  of  about  $6  to  several  thousand  dollars  per 
ton.  The  extremely  high  values,  however,  are  for  ores  carrying  free 
gold  occurring  only  in  small  amounts  in  pockets  in  otherwise  low- 
grade  lodes,  or  in  very  small  veins,  such  as  the  Golden  Fleece.  From 
the  Sunnyside  Extension  mine,  however,  ore  was  obtained  in  carload 
lots  carrying  $1,500  per  ton  in  gold  alone,  as  shown  by  the  smelter 
returns.  In  the  Silver  Lake  Basin  the  ores  worked  probably  vary 
from  $8  or  $10  to  $00  or  $70  per  ton,  according  to  the  proportion  of 
lead,  silver,  or  gold  which  they  contain.  The  average  of  the  ore  from 
the  Iowa  mine  is  not  far  from  $12  per  ton,  although  in  places  it  may 
contain  from  2  to  3  ounces  of  gold,  thus  affording  much  higher  returns. 
The  general  average  of  the  Silver  Lake  mine  is  probably  higher,  as 
half  the  value  of  its  output  is  in  gold.  The  ore  of  the  Royal  Tiger  Ls, 
on  the  other  hand,  somewhat  lower,  the  i)roduct  being  chiefly  in  lead. 
The  North  Star  mine,  on  Sultan  Mountain,  was  pi*oducing  quantities 
of  ore  in  1882  carrying,  according  to  the  Mint  reports,  40  per  cent  of 
lead  and  70  per  cent  of  silver.  At  the  commercial  values  for  that 
year  this  would  mean  an  ore  of  about  $120  per  ton,  gross  value,  or,  at 
present  prices,  about  $72  per  ton.  The  Aspen  mine  is  said  to  have 
produced  one  lot  of  1,000  tons  of  ore  containing  110  ounces  of  silver 
and  GO  per  cent  of  lead,  which  at  present  i)rices  would  correspond  to 
about  $1 10  per  ton.  The  average  value  of  the  ore  from  this  mine  was, 
however,  probably  less  than  half  this.  The  shipping  ore  from  the 
Ridgway  mine,  containing  finely  disseminated  argentite,  is  reported 
to  average  about  $110  per  ton,  of  which  about  3  ounces  is  in  gold  and 
the  rest  in  silver.  The  free-gold  ore  of  the  Tomboy  mine  averages 
about  $20  per  ton,  of  which  $19  is  in  gold.     The  most  uniformly  rich 
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ore  now  worked  in  quantity  in  the  quadrangle  is  undou])tedly  the 
gold  ore  of  the  Camp  Bird.  This  is  all  milled,  and  averages  from  $40 
to  8200  per  ton  as  delivei'ed  at  the  stamps.  The  gold  ore  of  the  Gold 
King  mine  is  generally  of  low  grade  and  can  be  worked  to  about  as 
low  a  limit  as  any  in  the  quadrangle. 

THE    STOCKS   OR  MASSES. 
DEFINITION   AND   GENERAL   DESCRIPTION. 

As  defined  by  Von  Cotta,*  ore  stocks  are  irregular  bodies  of  ore 
possessing  distinct  boundaries.  They  differ  from  veins  or  lodes  in 
the  absence  of  a  characteristic  tabular  form,  and  from  impregnations 
in  l>eing  fairly  solid  masses  of  ore  with  definite  limits,  or,  in  the  case 
of  stock  works  (Stockwerke),  of  a  great  number  of  small  veins  or  ore 
bodies  constituting  a  mass  w^hich  is  worked  as  a  whole.  Phillips'^ 
has  translated  Von  Cotta's  Sf/)cke  as  "masses,"  but  this  word  is  so 
general  in  its  scope  and  has  been  used  in  so  many  classifications  with 
varying  significance  that  it  is  here  discarded  as  a  definite  descriptive 
term.  The  nearly  vertical  ore  bodies  of  the  Red  Mountain  district, 
sometimes  locally  known  as  "chimneys,"  are  substantially  what  Von 
Cotta  has  describeil  and  defined  as  standing  (or  upright)  stocks. 

The  stocks  of  the  Silverton  quadrangle  are  nearly  vertical,  iri'eg- 
ularly  lenticular  or  spindle-shaped  bodies  of  almost  solid  ore,  sur- 
rounded by  an  envelope  of  much  altered,  partly  silicified  country 
rock,  which  is  usually  impregnated  with  pyrite.  Neighboring  ore 
bodies  are  commonly  connected  by  fissures,  usually  filled  with  wet  clay 
gouge  or  kaolin.  The  sizes  of  the  individual  ore  bodies  vary  greatly. 
In  plan,  lengths  of  40  or  50  feet  and  widths  of  10  or  15  feet  appear  to 
have  been  not  uncommon.  Accurate  sections  of  actual  stocks  are  not 
now  available,  but  individual  ore  bodies  appear  to  have  been  followed 
in  many  cases  thi*ough  several  levels,  and  therefore  to  have  had  a 
nearly  vertical  maximum  dimension  of  several  hundred  feet.  Although 
sometimes  nearly  circular,  the  ore  bodies  generally  showed  a  more  or 
less  elongated  or  elliptical  plan,  the  longer  axis  of  which  usually  lay 
more  nearly  north  and  south  than  east  and  west.  The  direction  of  the 
longer  axis  was  not,  however,  always  constant  for  all  depths  of  a 
given  stock. 

The  ore  bodies,  particularly  in  the  deeper  workings,  were  usually 

found  w  ithin  nearly  vertical  zones  of  fractured,  altered  country  rock, 

locally  known  as  "ore  breaks."    Mr.  T.  E.  Schwarz,  who  appears  to 

have  originated  this  ti^nn,  says: 

The  ore  bodies  of  the  Red  Mountain  district  occur  as  chimneys  or  chutes,  bay- 
ing great  persistence  in  depth  and  varying  greatly  in  dip  and  cross  section,  but 
ramifying  toward  the  surface.  The  outcrops  of  these  ore  chutes  occur  along  lines 
of  alteration  of  the  andesite  or  inclosing  rock,  and  such  lines  were  undoubtedly 
fracture  planes  of  greater  or  less  extent.  These  fracture  planes  or  belts  of  meta- 
morphosed andesite  were  in  the  early  days  of  the  district  termed  by  me  *'ore 

1  ErzlagerstAtten,  p.  191,  Freiberg,  1860.  *Op.  cit.,  p.  4. 
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breaks,"  to  signify  the  character  of  the  rock  along  the  line  of  which  the  ore  chim- 
neys occurred  or  might  be  expected  to  occnr.  They  were  not  fissure  Teine.  in  that 
the  ore  bodies  did  not  confine  themselves  to  any  given  plane,  and  in  following 
them  no  definite  course  either  laterally  or  vertically  could  be  counted  upon  ahead 
of  exploration.  The  course  of  an  ore  break  I  have  fre<inently  found  to  change  90 
in  a  depth  of  several  hundred  feet.' 

DISTRIBUTION. 

The  stocks  do  not  oeour  in  all  portions  of  the  quadrangle,  but  are 
limited  to  a  small,  well-defined  area,  which  corresponds  mainly  to  the 
crest  and  westerly  slo|>e  of  what  may  be  termed  for  convenience  the 
Red  Mountain  liange.  This  district  is  lH)unded  on  the  northeast  by 
Grey  Copjier  Creek,  on  the  northwest  by  Red  Creek,  on  the  west  and 
south  by  Mineral  C-reek,  and  on  the  east,  with  one  or  two  exceptions 
near  Red  Mountain,  by  the  ridge  crest  extending  from  Anvil  Moun- 
tain northward  to  Red  Mountain  and  thence  northeast  to  the  saddle  at 
the  head  of  Grey  Copper  Gulch.  The  area  thus  outlined  has  certain 
characteristic?  features,  apparent  t-o  the  most  unobservant  eye.  There 
is  scarcely  an  exposure  of  rock  within  it  which  has  not  l>een  bleacluMi, 
silicified,  or  otlierwise  altered,  and  the  whole  has  been  more  or  less 
thickly  impregnated  with  fine  crystals  of  pyrite.  The  iron  originally 
contained  in  this  pyrite,  through  weathering  and  oxidation,  has  given 
to  the  Red  Mountain  Range  the  l)eautiful  coloring  for  which  the  regi<m 
is  noted,  blending  from  the  deepest  red,  through  vermilion  and  orange 
tints,  to  the  most  delicate  yellows  and  grays. 

The  greater  part  of  the  deposits,  and  all  of  the  more  important  ones, 
are  closely  gi'ouped  in  the  northwestern  part  of  this  area,  in  a  belt  less 
than  a  mile  wide  and  about  4  miles  long,  extending  from  Ironton  to  a 
point  about  a  mile  south  of  Red  Mountain  village. 

Although  no  continuous  fissures  or  veins  can  be  detected  on  tho 
surface,  it  is  noteworthy  that  the  St.  Paul,  Congress,  Senate,  Hudson, 
Enterprise,  Charter  Oak,  Genesee- Vanderbilt,  Yankee  Girl,  Robin- 
son, Guston,  White  Cloud,  and  Silver  Bell  mines  all  lie  close  to  a 
straight  line  bearing  about  N.  21''  E.  The  National  Belle,  Paymas- 
ter, and  Grand  Prize  min(»s,  and  a  host  of  less-noted  claims,  are 
apparently  irregularly  disposed  on  either  side  of  this  line.     (Fig.  10.) 

South  of  the  vicinity  of  Red  Mountain  the  stock  deposits  are  scat- 
tered and  have  not  proved  of  much  importance.  The  only  one  which 
has  produced  ore  in  important  amounts  is  tliat  of  the  Zuili  mine,  on 
Anvil  Mountain,  which,  however,  is  interesting  chiefly  as  the  source 
of  the  minerals  guitermanite  and  zunyite. 

ORKUN   OF  THE   SPACES   NOAV   FILLED    WITH    ORE. 

In  se<»king  the  origin  of  the  ore  spaces,  there  are,  in  spite  of  the 
present  obstacles  in  the  way  of  C(miplete  investigaticm,  certain  fact43 
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normal  andesitic  brocciaof  theSilverton  formation,  which  covers  hun- 
dreds of  square  miles  of  the  San  Juan  region,  and  is  in  no  sense  an 
agglomerate  filling  a  volcanic  neck. 

Another  common  explanation  is  that  the  Red  Mountain  stocks 
occupy  the  tlin)at8  of  extinct  geysc^^i-s  and  hot  springs.  The  supposi- 
tion that  the  ascending  heated  waters  which  were  primarily-  instru- 
mental in  forming  ore  Inxlies  may  have  issue<l  as  hot  springs,  or  even 
geysers,  from  a  former  surface,  is  of  couife  perfectly  tenable  and 
difficult  to  disprove.  But  to  argue  that  the  knolls  of  silicified  and 
impregnated  andesitie  breccia  conspicuous  in  the  topography  of  to-day 
are  really  mounds  of  siliceous  sinter  is  to  he  carried  awaj'  by  an 
analogy  of  the  most  unessential  and  superficial  kind.  The  knolls 
exist  meivly  because  the  bleached  and  altered  rock  of  wliieh  they  are 
composed  i-esists  erosion  l>etter  than  the  crumbling,  more  easily 
weathered  breccia,  which  has  been  less  affected  b3"  the  mineralizing 
solutions  and  is  more  readily  disintegrated  and  carried  away  by  rains 
and  streams. 

It  seems  most  reasonable  to  regard  the  ore  spaces  of  the  Red 
Mountain  district  as  a  local  modification  of  the  general  fissuring  of 
the  region.  It  is  iwssible,  however,  that  much  of  the  minor,  very 
irregular  fissuring  which  is  characteristic  of  this  region  may  be  due 
to  ('ontraction  within  the  rock  mass  consequent  upon  the  prevalent 
alteration  of  the  volcanic  rocks  to  aggregates  of  quartz,  kaolin,  and 
pyrite,  with  the  removal  of  certain  constituents,  as  more  fully  dis- 
cussed on  pages  114-131.  Not  only  was  the  fissuring  loc»a,ll3'  complex, 
but  the  ascending  thermal  waters  had  more  chemical  and  probably 
more  physicial  activity  than  elsewhere  within  the  quadrangle,  whereby 
solution  played  an  important  part  in  enlarging  zones  or  aggregations 
of  frac'tui-es  into  ore  spaces  and  in  metamorphosing  the  country  rock 
to  an  extent  not  elsewhere  observed  in  this  region.  The  cause  of 
this  local  intensity  of  chemical  and  physical  activity  is  not  known, 
although  it  is  probable  that  the  circulating  intratelluric  waters  were 
here  hotter  and  more  copious  than  elsewhere.  Some  indication  of 
the  latter  is  afforded  by  the  abundant  stronglj'  mineralized  springs 
which  issue  from  the  surface  in  this  district  at  the  present  da3\ 
Th(»re  is,  moreover,  some  geological  grounds  for  believing  that  the 
Red  Mountain  region  may  have  been  formerly  a  local  center  of 
volcanic  activity. 

There  has  probably  been  fracturing  of  the  rocks,  or  at  least  move- 
ment along  preexisting  fissures,  since  the  ore  bodies  were  formed  but 
tlH^re  are  not  at  present  facilities  for  studying  the  relation  of  the 
ol(l(*r  to  the  later  fissures.  It  may  even  be  considered  doubtful 
whether  the  so-called  fault  foun<i  below  the  seventh  level  in  the 
Guston  and  the  sixth  level  in  the  Yankee  Girl  is  entirely  a  post- 
mineral  dislocation,  or  whether  it  is  in  part  a  fracture  antedating 
the  deposition  of  the  ore. 
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CHARACTER   AND   STRUCTURE   OF  THE    ORE. 

It  is  very  difficult,  on  accouDtof  the  present  condition  of  the  mines, 
to  ^ive  a  satisfactory  account  of  the  mineralogy  and  structure  of  the 
ores  occurring  in  the  stocks.  The  chief  difference  between  these  ores 
and  those  occurring  in  the  lodes  seems  to  have  been  the  fact  that  the 
former  occurred  in  nearly  solid  masses,  with  very  little  gangue.  The 
occurrence  of  enargit^,  moreover,  is  appai'ently  peculiar  to  the  stock 
deposits  in  this  region,  the  mineral  not  being  known  in  the  lodes.  It 
does  not,  however,  occur  in  all  of  the  stocks.  The  more  common  ore 
minerals  of  the  latter  are  galena,  sphalerite,  tetrahedrite,  enargite, 
chalcocite  (stromeyerite),  bornite,  chalcopyrite,  and  pyrite.  While 
the  galena  ore  of  the  upper  levels  was  argentiferous,  the  highest 
silver  values  occurred  in  connection  with  the  copper-bearing  minerals, 
especially  the  chalcocite,  bornite,  and  chalcopyrite.  These  three  ore  . 
minerals  were  almost  invariably  accompanied  by  pyrite.  In  the 
richer  portions  of  the  ore  bodies  the  pyrite  was  subordinate,  and 
appears  to  have  l)een  found  chiefly  in  the  peripheral  portions  of  the 
stocks.  But  in  the  poorer  ores  the  argentiferous  copper  minerals 
occurred  as  nodular  bunches  in  masses  of  low-grade  iron  pyrite  car- 
rying up  to  5  per  cent  of  copper  and  a  little  silver,  usually  less  than 
10  ounces  per  ton,  and  a  fraction  of  an  ounce  of  gold.  The  pyrite 
usually  forms  a  rather  line-grained  and  sometimes  crumbling  aggre- 
gate, but  in  the  Zuili  mine  occurs  in  beautifully  sharp  oetahedra 
embedded  in  white  kaolin.  Bismuthiferous  ores  of  silver  and  lead 
occurred  in  some  of  the  ore  bodies,  notably  in  the  Silver  Bell  and 
Genesee- Vanderbilt.  Specimens  from  the  latter  mine  contain  a 
bright  lead-gray  mineral  having  the  physical  properties  of  cosalite, 
which  chemical  tests  show  to  be  slightly  argentiferous  sulphobis- 
muthite  of  lead  containing  a  little  copper.  Cosalite  occurred  also  in 
the  Yankee  Girl.  The  rare  mineral,  kobellite,  a  sulphantimonite  of 
lead  with  bismuth  partly  replacing  the  antimony,  was  found  in  the 
Silver  Bell  mine,^  carrying  from  3  to  4  per  cent  of  silver.  The 
only  other  known  occurrence  of  this  mineral  is  at  Hvena,  Sweden. 
The  rich  silver  ores  proustite  and  polybasite  occurred  in  the  Yankee 
Girl,  Genesee- Vanderbilt,  and  probably  other  mines  of  this  district. 
Tennantite  is  reported  to  have  occurred  in  the  National  Belle  mine. 
Zinkenite  has  been  described  by  llillebrand^  from  the  Brobdignag 
claim,  a  now  abandoned  prospect  in  the  Re<l  Mountain  Range  near 
C'hattanooga.  Guitermanite  and  zunyite  occur  in  the  Zuili  ore  body 
and  in  a  few  prosi)ects  close  to  the  latter,  the  zunyite  as  small  spark- 
ling, colorless  tetrahedrons  embedded  in  the  massive,  bluish  lead- 
gray  guitermanite.  Barite  is  apparently  always  present  in  the  ores 
of  tlie  stock  deposits.  It  often  occurred  as  isolated  crystals  or  crys- 
talline masses  em l)edded  in  the  argentiferous  boraite  of  the  Guston 


'  H.  F.  KhIUt:  Z«itHchrift  fttr  KrystaUographle,  VoL  XVll,  1800,  pp.  67-72. 
"  Prrn;.  Colo.  Scl.  Soc.,  VoL  I,  l«83-84,  p.  127. 
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and  Yankee  Girl  mines,  and  these  inclosed  masses  occasionally  carried 
free  f?old.  Iii  the  Zuili  it  is  intimately  associate  with  pyrite  and 
kaolin.  The  latter  mineral  is  found  associated  with  the  ores  of  all 
the  Red  Mountain  mines,  sometimes  occurnnj;:  in  the  ore  or  serving 
as  a  matrix  to  pvrite,  as  in  the  Zuili,  but  more  abundantly  in  fissures 
in  the  wall  rock  and  as  a  direct  proiluct  of  the  alteration  of  the  latter. 

Although  the  common  structui-e  of  the  principal  ore  bodies  was 
that  of  a  solid  and  massive  aggregate,  yet  there  is  evidenc?e  that  vugs 
or  cavities  sometimes  occurred  in  the  unoxidized  ores.  Stalactites  of 
pvrite,  having  the  radial  structure  usually  considered  as  character- 
istic of  marcasite,  were  seen,  which  were  said  to  have  come  from  caves 
in  the  Genesee- Vanderbilt.  Spi^cimens  of  enargite  from  the  National 
Helle  mine,  prest^rved  in  various  cabinets,  show  a  free  development 
of  clusters  of  radial  prisms  of  enargite,  such  as  could  only  have  formed 
in  open  spaces.  The  well-cr3'stallized  specimens  of  polybasite  which 
have  come  from  the  Red  Mountain  district  were  also  probably'  formed 
in  vugs. 

The  large  caves,  however,  such  as  were  a  feature  in  the  upper  work- 
ings of  the  National  Belle  mine,  appear  to  have  occurred  above  the 
ground- water  surface.  A  few  of  the  smaller  of  these  caves  only  could 
be  seen  in  1800,  and  we  are  dependent  upon  the  description  of  T.  E. 
Schwarz*  for  knowledge  of  the  occurrence  of  the  oxidized  or  second- 
ary ores.  According  to  him,  they  occurred  "above  a  former  water 
line,  either  attached  to  walls  of  caves  as  broken  detached  masses,  or 
as  a  bed  of  clayey  mud  or  sand,  more  or  less  completely  filling  the 
cave."  The  ores  are  said  to  have  been  mainly  '^  carbonates  of  lead 
and  iron,  with  iron  oxides,  lead  sulphate,  and  ai^senates."  Kaolinite 
and  zinc  blende  were  common,  and  galena  occurred  as  residual  ker- 
nels. "Such  are  the  ores  of  the  National  Belle,  Grand  Prize,  and 
Vanderbilt  mines.  Other  mines  omit  lead  minerals  and  carry  oxide 
and  sulphide  of  bismuth."  Several  hundred  pounds  of  this  metal  are 
said  to  have  been  reduced  in  Durango.  These  caves  are  stated  to 
have  ramified  through  the  knolls  of  silicified  andesite,  such  as  that 
described  at  the  National  Belle  mine,  which  "are  cut  up  by  cross 
fractures."  The  following  general  conclusions  are  cited  from  Mr. 
Schwarz's  paper: 

1.  The  secondary  ores  are  richer  than  the  sulphide  ores  occurring 
below  them. 

2.  The  ores  of  adjoining  or  connecting  caves  are  sometimes  greatly 
different  in  grade. 

3.  In  some  cases  the  formation  of  the  caves  along  fracture  or  cleav- 
age planes  is  evident,  but  in  others  all  traces  of  such  planes  are  quite 
obliterated. 

4.  The  cave  walls  are  a  porous  sandy  quartz  (see  description   of 
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National  Belle  mine,  p.  231),  the  sand  from  the  disintepf ration  of  which 
forms  part  of  the  cave  filling. 

5.  The  line  of  change  from  oxidized  to  nnoxidized  ores,  or  the  for- 
mer water  level,  is  very  marked.  It  varies  as  much  as  100  feet  in  ele- 
vation in  properties  within  1,000  feet  of  each  other,  rising  to  the  south 
and  west.     The  quartz  outcrop  rarely  rises  more  than  200  feet  above  it. 

6.  In  isolated  cases  may  be  found  masses  of  the  nnoxidized  ore,  the 
enargite,*  above  the  line  of  change,  in  the  vicinity  of  the  secondary 

ores. 

Mr.  Schwa rz  considered  the  caves  and  secondary  ores  to  have  been 
due  to  surface  waters,  which  dissolved  the  sulphide  ores  and  country 
rock  as  they  moved  along  fracture  planes.  It  appears  unlikely,  how- 
ever, that  the  surface  waters  exercised  much  solvent  action  upon  the 
country  rock.  Their  function  was  probably  limited  to  the  oxidation 
of  the  ore  and  to  the  removal  of  some  of  its  constituents. 

CHANGES   IN  THE   ORE   VTITH   DEPTH. 

As  indicated  in  the  preceding  section,  the  ores  of  some  of  the  stocks 
were  partially  oxidized  down  to  the  ground-water  surface.  This  sec- 
ondary alteration  was  particularly  noticeable  in  the  National  Belle 
mine,  and  to  some  extent  in  the  Vanderbilt  mine,  but  was  a  much 
less  conspicuous  feature  in  the  Yankee  Girl,  Guston,  and  other  mines, 
the  ore  bodies  of  which  outcropped  nearer  the  bottom  of  the  valley  of 
Red  Creek.  The  oxidation  apparently  presented  no  unusual  fea- 
tures, and  seems  to  hav^e  consisted  chiefly  of  the  transformation  of 
galena  to  carbonate  and  sulphate  of  lead,  with  removal  of  more  solu- 
ble constituents,  reduction  in  the  bulk  of  the  ores,  and  the  consequent 
formation  of  caves.  Even  when,  as  in  the  case  of  the  National  Belle, 
the  ore  of  the  deeper  workings  was  chiefly  enargite,  the  oxidized  ores 
nearer  the  surface  w^ere  evidently  largely  composed  of  lead  com- 
pounds, as  no  reference  is  found  to  the  occurrence  of  copper  carbon- 
ates. This  result  is  probably  less  a  consequence  of  a»y  peculiar 
process  of  oxidation  than  of  the  relative  disposition  of  the  sulphide 
or  unoxidized  ores  prior  to  superficial  weathering.  It  is  with  the 
changes  in  these  latter  ores  relative  to  depth  that  this  section  has 
chiefly  to  do. 

In  spite  of  the  diversity  shown  by  the  different  ore  bodies,  there  is 
after  all  remarkable  uniformity  to  be  found  in  the  change  at  verj' 
moderate  depths — usually  less  than  3(X)  feet — from  an  ore  consisting 
chiefly  of  argentiferous  galena  to  highly  argentiferous  silver-copper 
ores,  and  then  a  gradual  diminution  of  value  downward  througli  the 
increasing  proportion  of  low-grade  pyrite  in  the  ore  bodies.  These 
changes  are  best  recorded  in  the  Yankee  Girl,  Guston,  and  Silver  Bell 


>  It  is  evident  that  in  this  description  Mr.  Schwarz  has  the  National  Belle  deposit  most  in 
mind. 
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and  Yankee  Girl  mines,  and  these  inclosed  maf^ses  occasionally  carried 
fn»e  p:old.  Ill  the  Zuili  it  is  intimately  associated  with  p>Titi»  and 
kaolin.  The  hitter  mineral  is  found  associated  with  the  ores  of  all 
tlie  Red  Mountain  mines,  sometimes  ocxairring  in  the  ore  or  serv^ing 
as  a  matrix  to  pyrite,  as  in  the  Zufli,  but  more  abundantly  in  fissures 
in  the  wall  rock  and  as  a  direct  jjroduct  of  the  alteration  of  the  latter. 

Although  the  common  structui*e  of  the  principal  ore  bodies  was 
that  of  a  solid  and  massive  ajicgregate,  yet  there  is  evidence  that  vugs 
or  cavities  sometimes  occurred  in  the  unoxidized  ores.  Stalactites  of 
pyrite,  having  the  radial  stru(*ture  usually  considere<l  as  character- 
istic of  marcAsite,  were  seen,  which  were  said  to  have  come  from  caves 
in  the  Genesee- Vanderbilt.  Specimens  of  enargite  from  the  National 
Belle  mine,  preserved  in  various  cabin (»ts,  show  a  free  development 
of  clusters  of  radial  prisms  of  enargite,  such  as  could  only  have  formed 
in  open  spaces.  The  well -crystallized  specimens  of  polybasite  which 
have  come  from  the  Red  Mountain  district  were  also  probably  forme<l 
in  vugs. 

The  large  caves,  however,  such  as  were  a  feature  in  the  upper  work- 
ings of  the  National  Belle  mine,  appear  to  have  occurred  above  the 
ground- water  surface.  A  few  of  the  smaller  of  these  caves  only  could 
be  seen  in  18!)9,  and  we  are  dependent  upon  the  description  of  T.  E. 
Schwarz^  for  knowledge  of  the  occurrence  of  the  oxidized  or  second- 
ary ores.  According  to  him, they  occuri*ed  "above  a  former  water 
line,  either  attached  to  walls  of  caves  as  broken  detached  masses,  or 
as  a  bed  of  clayey  mud  or  sand,  more  or  less  completely  filling  the 
cave."  The  ores  are  Siiid  to  have  been  mainly  "carbonates  of  le^ 
and  iron,  with  iron  oxides,  lead  sulphate,  and  ai*senates."  Kaolinite 
and  zinc  blende  were  common,  and  galena  occurred  as  residual  ker- 
nels. "Such  are  the  ores  of  the  National  Belle,  Grand  Prize,  and 
Vanderbilt  mines.  Other  mines  omit  lead  minerals  and  carry  oxide 
and  sulphide  of  bismuth."  Several  hundred  pounds  of  this  metal  are 
said  to  have  been  reduced  in  Durango.  These  caves  are  stated  to 
have  ramified  through  the  knolls  of  silicified  andesite,  such  as  that 
described  at  the  National  Belle  mine,  whicli  "are  cut  up  by  cross 
fractures."  The  following  general  conclusions  are  cited  from  Mr. 
Schwarz's  paper: 

1.  The  secondary  ores  are  richer  than  the  sulphide  ores  occurring 
below  them. 

2.  The  ores  of  adjoining  or  connecting  caves  are  sometimes  greatly 
different  in  grade. 

3.  In  some  cases  the  formation  of  thi*  caves  along  fracture  or  cleav- 
age planes  is  evident,  but  in  others  all  traces  of  such  planes  are  quite 
obliterated. 

4.  The  cave  walls  are  a  porous  sandy  quartz  (see  description  of 
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National  Belle  mine,  p.  -31),  the  sand  from  the  disintegration  of  which 
forms  part  of  the  cave  filling. 

5.  The  line  of  change  from  oxidized  to  unoxidized  ores,  or  the  for- 
mer water  level,  is  verj'  marked.  It  varies  as  much  as  100  feet  in  ele- 
vation in  properties  within  1,000  feet  of  each  other,  rising  to  the  south 
and  west.     The  quartz  outcrop  rarely  rises  more  than  200  feet  above  it. 

6.  In  isolated  cases  may  be  found  masses  of  the  unoxidized  ore,  the 
enargite,^  above  the  line  of  change,  in  the  vicinitj'  of  the  secondary 

ores. 

Mr.  Schwarz  considered  the  caves  and  secondary  ores  to  have  been 
due  to  surface  waters,  which  dissolved  the  sulphide  ores  and  country 
rock  as  they  moved  along  fracture  planes.  It  appears  unlikely,  how- 
ever, that  the  surface  waters  exercised  much  solvent  action  upon  the 
country  rock.  Their  function  was  probably  limited  to  the  oxidation 
of  the  ore  and  to  the  removal  of  some  of  its  constituents. 

CHANGES  IN   THE   ORE    WITH   DEPTH. 

As  indicated  in  the  preceding  section,  the  ores  of  some  of  the  stocks 
were  partially  oxidized  down  to  the  ground-water  surface.  This  sec- 
ondary alteration  was  particularly  noticeable  in  the  National  Belle 
mine,  and  to  some  extent  in  the  Vanderbilt  mine,  but  was  a  much 
less  conspicuous  feature  in  the  Yankee  Girl,  Guston,  and  other  mines, 
the  ore  lx)dies  of  which  outcropped  nearer  the  bottom  of  the  valley  of 
Red  Creek.  The  oxidation  apparently  presented  no  unusual  fea- 
tures, and  seems  to  have  consisted  chiefly  of  the  transformation  of 
galena  to  carbonate  and  sulphate  of  lead,  with  removal  of  more  solu- 
ble constituents,  i^eduction  in  the  bulk  of  the  ores,  and  the  consequent 
formation  of  caves.  Even  when,  as  in  the  case  of  the  National  Belle, 
the  ore  of  the  deeper  workings  was  chiefly  enargite,  the  oxidized  ores 
nearer  the  surface  were  evidently  largely  composed  of  lead  com- 
pounds, as  no  reference  is  found  to  the  occurrence  of  copper  car])on- 
ates.  This  result  is  probably  less  a  consequence  of  any  peculiar 
process  of  oxidation  than  of  the  relative  disposition  of  the  sulphide 
or  unoxidized  ores  prior  to  superficial  weathering.  It  is  with  the 
changes  in  these  latter  ores  relative  to  depth  that  this  section  has 
chiefly  to  do. 

In  spite  of  tlie  diveraity  shown  by  the  different  ore  bodies,  there  is 
after  all  remarkable  uniformity  to  be  found  in  the  change  at  very 
moderate  depths — usually  less  than  300  fevX — from  an  ore  consisting 
<*hiefly  of  argentiferous  galena  to  highly  argentiferous  silver-copper 
ores,  and  then  a  gradual  diminution  of  value  downward  througli  the 
increasing  proportion  of  low-grade  pyrite  in  the  ore  bodies.  These 
changes  are  b(*8t  recorded  in  the  Yankee  Girl,  Guston,  and  Silver  Bell 
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mines.  There  are  certain  exceptions  to  what  may  be  regarded  as  the 
normal  or  complete  sequence.  Thus  the  Congress  mine  appears  to 
have  had  an  ore  consisting  chiefly  of  enargite,  with  some  bunches  of 
galena,  from  the  croppings  downward.  That  the  enargite  at  g^-eater 
depth  will  gradually  give  place  to  iron  pyrite,  with  diniinishing 
amounts  of  chalcopyrite,  can  scarcely  be  doubted  m  the  light  of  what 
is  known  of  other  deposits  of  this  district.  In  the  National  Belle, 
enargite — in  this  case  low  grade — was  encountered  near  the  surface, 
but  the  oxidized  ore  in  the  siliceous  knoll  which  forms  the  croppings 
appears  to  have  been  derived  chiefly  from  galena,  while  below  the 
third  level  (fig.  20)  practically  no  pay  ore  was  found.  Explorations 
on  the  fourth  level  resulted  only  in  the  finding  of  small  bunches  of 
good  ore  and  masses  of  crumbling  iron  pyrite  carrying  less  than  0.1 
ounce  of  gold  and  about  5  ounces  of  silver  per  ton,  with  from  1  to 
3  per  cent  of  copper. 

Chalcopyrite  appears  to  have  been  usually  good  ore.  It  carries, 
theoretically,  34.5  per  cent  of  copper,  and  in  the  Red  Mountain  dis- 
trict ran  well  in  silver  and  gold;  but  its  appearance  in  great  quantity 
was  apparently  a  precursor  of  the  ultimate  change  to  ores  carrying 
chiefly  the  low-grade  iron  pyrite. 

Although  there  was  on  the  whole  a  general  change  from  argentif- 
erous lead  ores  to  argentiferous  and  auriferous  copper  ores,  and 
finally  to  slightly  argentiferous  and  auriferous  iron  sulphide  (pyrite), 
yet  the  progression  was  an  overlapping  and  irregular  one  in  detail. 
Iron  pyrite  and  chalcopyrite  occurred  at  practically  all  depths,  while 
galena  in  small  bunches  was  sometimes  found  far  below  the  point  at 
which  it  had  ceased  to  be  the  principal  ore. 

VALUE   OF  THE  ORES. 

The  ores  of  the  stocks,  like  those  of  the  lodes,  vary  widely  in  value. 
In  1883,  3,000  tons  of  ore  extracted  from  the  Yankee  Girl  averaged 
nearly  $150  per  ton.  A  lot  of  10  tons  from  the  richest  stopes  of  the 
same  mine  carried  3,270  ounces  of  silver  per  ton  and  29  per  cent  of 
copper,  corresponding  to  an  average  value  per  ton  of  about  43,000. 
Much  richer  ore  than  this  occurred  in  small  quantities  in  the  Yankee 
Girl  and  Guston.  The  average  sales  value  per  ton  of  the  ore  of  the 
latter  mine  has  been  given  in  the  table  on  p.  222  as  $91.81  for  a  period 
of  eight  years.  The  highest  annual  average  was  $303.25  per  ton,  and 
the  lowest  $10.70.  These,  it  should  l)e  borne  in  mind,  ai*e  the  prices 
for  which  the  ore  was  actually  sold  to  the  smeltei*s.  Values  based 
directly  upon  metallic  contents,  without  reference  to  cost  of  treat- 
ment, would  be  higher.  The  highest  annual  average  represents  the 
ore  from  the  rich  stopes  above  the  seventh  level.  The  lowest  corre- 
sponds to  the  low-grade  pyritic  ore  of  the  deeper  levels.  The  richest 
ore  recorded  from  this  district  was  some  taken  in  1891  from  the  Gus- 
ton at  a  depth  of  378  feet,  which  carried  15,000  ounces  of  silver  and 
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3  ounces  of  gold  per  ton,  wortli,  at  the  then  current  price  of  silver, 
<tU,880. 

The  ore  of  the  Genesee- Vanderbilt  was  of  much  lower  grade  than 
that*  of  the  Yankee  Girl,  Guston,  and  Silver  Bell.  Its  gross  value  for 
any  one  year  probably  never  averaged  more  than  WO  per  ton.  No 
records,  however,  are  available  for  the  ore  taken  out  prior  to  1893, 
when  the  price  of  silver  stood  higher.  The  ore  of  the  National 
Belle  was  also  low  grade,  but  its  average  value  is  not  known. 

MINERAL  WATERS  ASSOCIATED  WITH  THE  ORE  DEPOSITS. 

Probably  all  the  waters  met  with  in  the  mines  of  the  Silverton 
quadrangle  now  accessible  are  meteoric  waters  variously  modified  by 
the  materials  though  which  they  have  passed  in  their  more  or  less 
direct  descent  from  the  surface.  The  abundance  of  these  waters 
varies  much  in  different  mines,  and  fluctuates  with  the  seasons.  In 
the  Gold  King  mine  scarcely  a  drop  of  water  reaches  the  lower  levels. 
Many  other  mines,  such  as  the  Silver  Peak  and  Iowa,  which  are 
moderately  wet  in  summer,  become  nearly  dry  in  winter,  owing  to  the 
freezing  of  the  ground  near  the  surface.  In  no  case  was  any  notice- 
able spring  or  ascending  mineralized  water  encount^^red  in  the  ore 
deposits  now  being  worked.  The  descent  of  the  meteoric  water  through 
masses  of  pyrite  and  other  ore  minerals  is,  however,  often  sufficient 
to  give  it  a  strong  acid  reaction  and  render  it  highly  ferruginous. 

In  the  Red  Mountain  district  the  troublesome  acid  character  of  the 
mine  waters  was  notorious.  In  spite  of  their  strong  mineral  nature 
and  abundance,  however,  it  is  not  improbable  that  these,  too,  were 
meteoric  waters  which  had  become  strongly  charged  with  sulphuric 
acid  by  their  oxidizing  passage  through  the  adjacent  bodies  of  pyrite 
and  through  the  masses  of  altered  pyritized  country  rock  which  sur- 
round the  latter. 

Strongly  ferruginous  springs  are  abundant  within  the  drainage  of 
Cement  Creek  and  in  the  upper  basin  of  Red  Creek.  As  their  waters 
are  brought  in  cont^ict  with  the  atmosphere  the  iron  in  solution  is 
oxidized  and  deposited  near  the  spring  as  a  mound  or  apron  of  limo- 
nite,  or  accumulates  as  bog  iron  in  the  swampy  ground  along  these 
creeks.  Such  springs,  with  there  accompanying  deposits,  may  be 
well  seen  near  Burro  Bridge,  also  just  below  Chattanooga,  and  near 
the  village  of  Red  Mountain.  A  spring  of  the  same  general  charac- 
ter issues  from  the  hillside  about  150  feet  above  the  Guston  mine, 
and  has  deposited  a  large  apron  of  limonite.  At  present  the  water 
issues  from  a  tunnel  which  was  run  into  the  limonite  mass,  and  has 
cemented  the  dump  of  the  tunnel  into  a  firm,  ferruginous  mass. 
Some  of  this  water  was  collected  for  analysis.  As  it  issues  from  the 
tunnel  it  is  clear,  moderately  cold,  and  noneffervescing,  and  has  an 
astringent  acid  taste.     When  received  in  the  laboratory  at  Washington 
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the  water  gave  a  strongly  acid  reaction,  and  a  deposit  of  ferric 
liydroxide  or  basic  ferric  sulphate,  t^)gether  with  some  silica,  had  set- 
tled in  the  bottom  of  the  bottle.  The  total  contents  of  sample  were 
subjected  to  partial  qualitative  tests  by  Dr.  Hillebraud,  with  the  fol- 
lowing results : 

Partial  analysis  of  ttaier  frcmi  spring  aliove  the  Ouston  mine. 


Constituent. 

ftOa 

CI 

AlgOs 

Fe 

Ca 

Na 

K 

SiO. 


Re  marks. 


Very  much. 

Very  little. 

Much,  alx>ut  214  ptLrts  per 
million. 

Mnch. 
Do. 

Not  testeil  for. 
Do. 

About  75-W>  i>art8  per  mil- 
lion. 


Constituent. 


Zn... 

Mn. 

Ni... 

Co... 

Cu    . 

Pb.. 

Mo.. 

As  .. 

Ag.. 

PA- 


Remarks. 


A  little. 

Not  tested  for. 

0.66  parts  per  million. 

^Abnent. 

Not  tested  for. 


It  appeared  from  these  preliminary  tests  that  the  water  of  this  spring 
carried  no  appreciable  amounts  of  the  important  oi*e-forming  metals, 
and  it  was  not  considered  advisable  to  devote  time  and  labor  to  further 
chemical  work  upon  it.  It  was  at  fii^st  hoped  that  its  analysis  might 
throw  some  light  upon  the  nature  of  the  solutions  which  originally 
deposited  the  Red  Mountain  ores.  Hut  the  preliminary  tests  indicate 
no  characters  that  might  not  be  expected  in  ordinary  meteoric  waters 
after  passing  for  some  distance  through  the  mineralized  and  altered 
rocks  of  the  immediate  vicinity.  There  is,  so  far  as  known,  no  defi- 
nite evidence  connecting  the  ferruginous  springs  of  this  region  directly 
with  the  original  processes  of  ore  deposition,  nor  is  it  necessary  to 
assume  that  the  waters  issuing  from  them  have  come  from  deep-seated 
sources.  The  mine  waters  of  the  Yankee  Girl  and  Guston  are  said  to 
have  carried  much  copper  in  acid  solution.  This  is  to  be  expected 
wherever  surface  waters  carrying  oxygen  pass  downward  for  f^ny  dis- 
tance t  hrough  pyrite  and  chalcopyrite.  The  presence  of  considerable 
alumina  has  an  important  bearing  on  tlie  question  of  the  metasomatie 
alteration  of  tlie  country"  rock,  as  will  be  later  shown. 

METAMORPHISM  OF  THE  COUNTRY  ROCK  IN  CONNECTION  WITH 

ORE  DEPOSITION. 

The  nietamorphism  or  change  which  has  been  effected  through  the 
agency  of  the  mineral-bearing  solutions  (hydrothermal  metamor- 
phisni)  in  the  rocks  adjacent  to  the  ore  bodies  differe  very  markedly 
in  degree,  and  to  a  less  extent  in  character,  in  diffei-ent  portions  of 
the  quadrangle. 

The  mode  of  alteration  is  in  general  by  metasomatism  (literally 
cliange  of  body),  by  which  is  meant  the  process  by  which  a  mineral^ 
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through  chemical  reactions,  undergoes  a  partial  or  complete  change 
in  its  chemical  constitution.  Rocks  or  aggregates  of  minerals  are 
"metasomatic"  if  any  or  all  of  the  constituent  minerals  have  under- 
gone such  changes.^ 

In  Silver  Lake  Basin  the  simple  fissure  veins  which  there  predomi- 
nate, carrying  galena,  sphalerite,  chalcopyrite,  pyrite,  and  sometimes 
tetrahedrite,  in  a  gangue  of  quartz  with  frequently  some  barite,  are  not 
accompanied  by  any  very  evident  or  striking  alteration  of  the  imme- 
diate wall  rock. 

As  elsewhere  pointed  out,  the  rocks  of  Silver  Lake  Basin  belong  to 
the  Silverton  series.  No  attempt  will  be  made  in  this  report  to  give 
the  i)etrographical  characteristics  of  the  series  as  a  whole  (for  which 
the  reader  is  referred  to  the  forthcoming  report  of  Mr.  Whitman 
Cross) ;  it  is  enough  to  say  that  the  prevailing  rock  of  the  basin,  and 
the  one  which  constitutes  the  greater  part  of  the  country  rock  met  with 
in  the  workings  of  the  Silver  Lake  and  Iowa  mines,  is  a  firmly  con- 
solidated, homogeneous,  andesitic  breccia.  This  differs  from  the  older 
San  Juan  breccia  in  its  greater  homogeneity  and  in  the  frequent 
occurrence  of  more  or  less  orthoclase.  Indeed,  it  is  not  unlikely  that 
the  whole  should  be  referred  rather  to  the  latites  than  to  the  andes- 
ites  proper.  With  the  breccia  are  associated  massive  andesites  and 
latites.  The  breccia  is  in  general  somewhat  altered,  even  when  not 
close  to  an  ore-bearing  lode,  a  result  that  is  to  be  expected  when  the 
thorough  fissuring  which  the  rocks  have  undergone  and  the  extent  to 
wliich  they  must  have  been  permeated  by  ore-bearing  solutions  are 
taken  into  account. 

A  specimen  of  this  rock  taken  on  the  trail  from  Arrastra  Gulch  up 
to  the  basin,  at  an  elevation  of  about  11,800  feet,  may  be  regarded  as 
representative  of  the  relativel}-  unaltered  facies.  It  is  a  tough, 
greenish-gray  rock  with  pale  lilac-gray  mottlings,  and,  although  show- 
ing a  few  feldspar  phenocrysts,  is  generally  of  rather  compact  texture. 
The  breccia  structure,  not  very  apparent  on  fresh  fracture,  owing  to 
the  homogeneity  of  the  component  fragments,  becomes  visible  when 
the  rock  is  breathed  upon  or  has  been  slightly  weathered.  Under  the 
microscope  its  clastic  structure  is  evident.  Fragments  of  general 
andesitic  character  lie  in  the  matrix  of  fine  andesitic  detritus,  which 
is  not  alwaj^s  easily  separable  from  the  larger  fragments.  This  clastic 
matrix  contains  broken  phenocrysts  of  andesine  or  labradorite,  and 
an  occasional  somewhat  rounded  grain  of  quartz,  in  a  fine  feldspathic 
and  obscure  ground maas.  There  is  some  magnetite  present,  but  fer- 
roniagnesian  constituents  are  lacking.  If  formerly  present,  they  have 
been  destroyed  by  secondary  alteration.  The  feldspars  are  largely 
changed  to  sericite  (with  perhaps  some  kaolinite)  and  to  calcite,  while 
bunches  of  calcite  and  flecks  of  chlorite  are  thickly  disseminated 
through  the  rock.     Some  epidote  is  frequently  present,  although  not 
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seen  iu  this  particular  slide.  Such  of  the  massive  andesites  and 
latites  as  were  examined  in  thin  section  show  a  similar  development 
of  secondary  chlorite,  caleite,  and  sericite,  indicating  an  alteration 
that  is  essentially  propylitie  in  character. 

Within  the  Silver  Lake  and  Iowa  mines  the  amount  of  alteration  in 
the  country  rock  which  can  properly  be  I'ef erred  to  the  action  of  ore- 
bearing  solutions  moving  along  any  given  fissure  is  slight.  The 
breccia  usually  preserves  its  greenish  color  and  general  apfiearance 
close  up  to  the  fissure  walls.  In  the  Iowa  mine  specimens  were  taken 
in  the  main  crosscut  on  the  fourth  level  at  various  distances  from 
the  Iowa  vein,  for  the  purpose  of  studying  the  alteration  of  the 
country  rock  dependent  upon  the  fomiation  of  this  lode.  AH  of  these 
specimens  are  pale  greenish-gray  rocks  of  one  kind — a  brectiia  of  the 
type  already  described. 

At  points  150  feet  east  of  tjie  lode  the  country  rock  is  fine  grained 
and  faintly  mottled,  showing  only  a  few  pale,  minute  phenocrysts  of 
feldspar  and  an  occasional  tiny  grain  of  quartz.  Under  the  micro- 
scope the  rock  reveals  the  character  of  a  much-altered  andesitic  tuff 
or  fine  breccia.  The  feldspars  have  been  completely  altei-ed  to  aggre- 
gates of  sericite  and  calcite,  while  areas  of  calcite  and  chlorite  prob- 
ably represent  former  phenocrysts  of  augite.  The  groundmtiss  is  a 
rather  indistinct  aggregate  of  secondary  quartz,  sericite,  and  chlorite, 
with  a  little  apatite  and  rutile.  The  rock  is  thus  practically  wholly 
recrystallized  into  a  secondary  aggregate  while  retaining  the  grosser 
structure  of  the  original. 

At  a  distance  of  100  feet  from  the  vein  the  country  rock  is  mega- 
scopically  like  that  just  described.  Under  the  microscope  it  shows 
less  alteration  than  the  preceding.  Chlorite  and  calcite  are  abun- 
dant, but  much  of  the  plagioclase  is  still  recognizable.  Sericite  and 
quartz  are  not  such  prominent  constituents  as  in  the  other  rock. 

At  places  50  feet  from  the  vein  the  country  rock  is  still  of  the  same 
general  api)earance  as  that  already  described.  In  thin  section  under 
the  microscope  it  shows  a  general  andesitic  structure,  but  is  almost 
wholly  recrystallized.  The  feldspar  phenocrysts  have  been  changed 
to  aggregates  of  calcite  and  sericite,  while  areas  of  chlorite  and  cal- 
cite, with  sometimes  rutile,  are  all  that  remain  of  the  phenocrysts  of 
augite  or  biotite.  The  groundniass,  also,  while  preserving  the  out- 
lines and  in  small  part  the  substance  of  former  lath-shaped  feldspars, 
is  now  an  aggregate  consisting  chiefly  of  quartz,  chlorite,  sericite, 
and  a  little  rutile  and  apatite.  The  thin  section  does  not  show 
clastic  structure,  and  is  probably  from  a  fragment  in  the  breccia. 

At  a  distance  of  2  feet  from  the  vein  the  only  megascopical  change 
in  the  country  rock  consists  of  the  presence  of  an  occasional  speck  of 
galena.  Rather  curiously,  finely  disseminated  pyrite,  which  is  a  com- 
mon feature  of  most  country  rock  near  a  productive  lode,  does  not  in 
this  case  accompany  the  galena  as  a  megascopical  constituent.     Under 
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the  inieroseope  it  is  seen  that  the  alteration  has  been  more  thorough 
than  in  the  specimens  previously  studied.  The  forms  of  some  of  the 
phenocrysts  are  presei^ved  by  pseudomorphous  aggregates — sericite, 
with  some  chlorite,  calcite,  and  rutile,  apparently  after  biotite,  and 
calcite,  quartz,  sericite,  and  chlorite  in  varying  proportions  after  augit« 
and  plagi(K^lase.  The  groundmasa  is  entirely  recrystallized  as  a  fine 
aggregate  composed  chiefly  of  quartz  and  sericite,  with  less  chlorite. 
Occasional  larger  grains  of  quartz  with  rounded  and  embayed  outlines 
are  probably  original  phenocrysts.  A  little  apatite  and  a  few  minute 
grains  of  pyrite  occur  in  the  groundmass.  The  dominant  minerals  of 
the  rock  are  quartz  and  sericite.  A  specimen  taken  from  the  same 
crosscut  at  a  distance  of  only  10  inches  from  the  west  wall  of  the  vein 
resembles  the  others  closely.  It  does  not,  however,  show  breccia 
structure,  and  is  sparingly  sprinkled  with  small  crystals  of  pyrite. 
Under  the  microscope  the  rock  is  seen  to  be  essentially  an  aggregate 
of  sericite,  quartz,  calcite,  and  chlorite,  named  in  the  order  of  relative 
abundance.  The  former  feldspar  phenocrysts  are  now  pseudomorphs 
of  sericite,  calcite,  and  quartz,  and  biotite  has  l>een  altered  to  chlorite, 
.sericite,  and  rutile.  The  groundmass  consists  chiefly  of  quartz,  chlo- 
rite, calcite,  and  sericite.  Although  this  f  acies  is  nearer  the  vein  than 
the  preceding,  the  character  of  its  metamorphism  is  perhaps  even  less 
<liiferentiated  from  the  more  general  kind  of  propylitic  alteration 
which  the  country  rock  in  the  mine,  even  at  a  distance  of  several  hun- 
driHl  feet  from  the  principal  lodes,  has  undergone.  Lastly,  a  specimen 
was  taken  from  the  east  wall  of  the  Iowa  vein  In  the  main  stope  above 
the  fourth  level.  At  this  point  the  vein  contained  good  ore,  and  the 
absence  of  gouge  allowed  the  specimen  to  be  taken  immediately  in 
<*ontact  with  the  ore.  It  differs  from  those  thus  far  described  in  its 
light-gray  color  and  more  evident  alteration.  It  is  sprinkled  with 
pyrite  an<l  a  little  galena,  and  is  traversed  by  minute  veinlets  of 
<iuartz.  Its  bn*ccia  structure  is  still  discernible  in  the  hand  specimen. 
Microscopically  examined,  the  rock,  while  retaining  traces  of  clastic 
origin,  is  wholly  recrystallized.  The  former  phenocrysts  of  feldspar 
are  replac<*(l  by  pseudomorphous  aggregates  of  quartz  and  sericite. 
The  quartz  in  such  cases  is  often  rather  coarsely  crystalline  (grains 
up  to 0.5  millimeter  in  diameter),  the  sericite  being  included  as  minute 
wisps,  or  gathereil  into  bunches  in  the  interstices  ])etween  the  allotrio- 
morphic  <|uartz  grains.  Crystals  of  pyrite  are  sometimes  inclosed  in 
the  (quartz.  Of  augite  no  trace  remains,  but  some  sericite  inclosing 
rntilit  is  apparently  pseudomorphous  after  biotite.  The  groundmass 
is  a  finely  crystalline  mosaic  of  quartz  and  sericite.  The  notable  fea- 
ture of  this  wall  rock  is  the  absence  of  calcite  and  chlorite. 

Th(»  alteration  studied  in  the  foregoing  set  of  specimens,  collected 
i'or  that  purpose  in  the  Iowa  mine,  has  been  traced  with  similar 
Insults  in  collections  froifl  the  neighboring  Silver  Lake  mine.  Cal- 
<'ito  and  chlorite  are  as  a  rule  prominent  constituent's  of  the  altered 
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country  rock  to  within  a  few  inches  of  the  productive  lodes.     Fre- 
quently, but  not  always,  the  rock  in  contact  with  the  ore,  or  cxrcurring 
as  small  horses  in  the  veins,  is  fi'ee  from  chlorite  and  caleite  and 
consists  mainly  of  quartz  and  sericite,  with  some  dlsseminHted  ore 
minerals.     The   latter,  however,  are   not   limited   to  the  immediate 
walls  of  the  fissure,  but  specks  of  galena  and  crystals  of  pyrite  may 
occur  25  feet  or  more  from  the  nearest  lode,  in  rock  carrying  much 
calcite  and  chlorite.     As  an  example  of  the  extreme  alteration  which 
the  country'  rock  has  undergone  in  the  formation  of  these  ore  bodies 
may  be  described  a  specimen  from  the  third  level  of  the  Silver  Lake 
mine,  taken  from  the  wedge  of  country  rock  l)etween  the  Stelznerand 
Royal  veins  at  their  junction.     The  usual  breccia  is  here  bleached 
almost  white,  and  shows  a  fine,  even-granular  texture  to  the  naked 
eye,  but  as  a  whole  is  shattered,  full  of  quartz  stringers,  and  contains 
flakes  of  galena.     Under  the  microscope,  pseudomorphs  of  sericite 
after  feldspar  and  biotite  preserve  the  only  remnants  of  original 
structure.     The  groundmass  is  a  very  finely  crystalline  aggregate  of 
quartz  and  sericite  traversed   by  microscopic  quartz  veinlets.     As 
usual,  there  is  a  little  rutile  present,  and  some  crystals  of  pyrite. 

To  sum  up  briefly,  the  rocks  in  which  the  oi'e  deposits  of  Silver 
Lake  Basin  occur  are  chiefly  audesitic  or  latitic  breccias.  In  the 
neighborhood  of  the  mines  these  breccias  have  been  generally  altered 
to  an  unknown  depth.  The  alteration  involves  the  change  of  feld- 
spar to  sericite,  calcite,  and  quartz;  of  augite  to  calcite  and  chlorite; 
and  of  biotite  to  chlorite,  sericite,  and  rutile.  Although  this  meta- 
morphisni  is  probably  connected  Anth  the  ore  deposition,  it  is  so  gen- 
erally prevalent  that  it  can  not  in  any  case  be  recognized  as  being 
connected  with  the  deposition  of  ore  in  any  given  fissure.  It  appeal's 
to  have  been  effected  through  the  agency  of  water  charged  with  car- 
bon dioxide  or  carbonates.  The  change  involved  in  the  rocks  is  proj)- 
ylitic  in  nature,  and,  as  Lindgren*  justly  maintains,  should  be  distin- 
guished from  ordinary  weathering,  with  which  it  is  often  confused. 
Close  to  the  veins,  usually  within  a  few  inches,  and  in  small  horses 
of  country  rock  within  the  veins,  metamorphism  of  a  different  kind  fre- 
quently occurs.  Here  calcite  and  chlorite  have  diminished  in  amount 
or  ai*e  wholly  absent,  and  quartz  and  sericite  constitute  the  bulk  of 
the  rock.  This  alteration,  which  plainly  emanates  from  the  indi- 
vidual fissure,  differs  from  the  more  general  metamorphism  less  in 
kind  than  in  the  relative  proportions  of  calcite  and  chlorite  on  the 
one  side  and  of  quartz  and  sericite  on  the  other.  This  usually  incon- 
spicuous and  very  local  alteration  of  the  wall  rock  to  quartz  and  seri- 
cite is  rather  common  within  the  quadrangle,  especially  near  lodes  in 
the  andesitic  rocks  of  the  Silverton  or  San  Juan  series.  It  ooours 
in  somewhat  pronounced  degree  in  the  Ridgway  mine,  which  pro- 

*  Metasomatic  processes  in  fissure  veins:  Trans.  Am.  Inst.  Min.  Eng.,  Vol.  XXX,  1900,  p.  6i5. 
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duces  ail  argentite  oi'e.  It  is  the  usual  alteration  seen  in  the  mines 
of  Savage  Basin,  Sultiin  Mountain  (in  monzonite),  and  in  many  other 
lodes  where  metamorphism  of  the  country  rock  other  than  that  of  prop- 
ylitic  natui-e  is  not  a  conspicuous  phenomenon,  and  where  no  special 
microscopical  study  of  wall  rock  was  made. 

The  alteration  of  the  country  rock  in  Silver  Lake  Basin  may  l>e 
accounted  for  on  the  assumption  that  the  solutions  which  filled  the  fis- 
sures contained  alkaline  carbonates.  But  that  the  alkaline  carbon- 
ates were  present  in  small  amount  seems  to  be  indicated  by  the  uni- 
fonn  presence  of  chlorite  (except  in  the  actual  walls  of  the  vein,  where 
it  as  well  as  calcite  may  be  absent) ;  for,  as  Lindgi-en  ^  has  pointed 
out,  it  is  pi-obable  that  chlorite  can  not  exist  under  the  action  of 
strong  solutions  of  alkaline  carbonaU^s.  The  immediate  wall  rock  of 
the  fissures,  l)eing  more  exposed  to  the  action  of  solutions,  has  in 
most  eases  suffered  the  removal  or  further  alteration  of  the  chlorite 
and  carbonates  which  were  probably  first  formed.  C'onnected  witli 
this  later  stage  is  the  accumulation  of  the  insoluble  sericite,  derived 
from  labradorite,  biotite,  and  probably  other  minerals,  and  very  likely 
the  direct  addition  of  quartz  in  place  of  the  removed  calcite.  Although 
no  chemical  analyses  have  been  made  of  these  wall  rocks,  it  is  p rolv 
able  that  the  abundance  of  sericite  (derived  in  gi-eat  part  from  lime- 
soda  feldspara),  which  is  common  in  the  rock  incontact  with  the  vein 
filling,  indicates  a  direct  addition  of  i>ota«h  to  the  substance  of  the 
rock,  as  was  found  by  Lindgren^  to  \ye  the  case  in  the  Grass  Valley 
and  Nevada  City  veins.  Kaolinite  was  not  certainly  identified  in  the 
altered  wall  rocks  of  Silver  Lake  Basin,  but  in  the  Dives  mine  (on  the 
North  Star  lode)  it  apparently  occurs  with  sericite  and  quartz,  as  seen 
in  an  altered  andesitic  horse  in  th<^  hnle.  Metamorphism  in  connec- 
tion with  the  Dives  ore  body  is  similar  to  that  just  described  in  detail 
for  the  Silver  Lake  mines;  but  in  its  greater  intensity,  in  the  presence 
of  kaolinite,  and  in  the  more  evident  silicification  of  iK)rtions  of  the 
wall  rock  it  is  intermediate  in  character  between  that  metamorphism 
and  the  kind  next  to  be  descril)ed. 

Of  a  somewhat  different  kind  from  that  which  has  just  been  <lis- 
cussed  is  the  metamorphism  ol>served  in  connection  with  the  ore 
deposits  of  Engineer  Mountain  and  of  the  Red  Mountain  district.  As 
the  ore  of  Engineer  Mountain  occurs  in  lodes,  while  that  of  the  Red 
Mountain  district  is  prevailingly  in  stocks,  and  as  the  metamorphism 
presents  some  phases  of  difference  in  the  two  modes  of  occurrence, 
they  will  be  separately  treated. 

The  Polar  Star  lode,  which  has  produced  some  rich  silver  ore  carry- 
ing argentite  and  proustite,  may  be  considered  as  a  type  of  the  Engi- 
neer Mountain  deposits.     Unfortunately,  its  workings  are  no  longer 

I  Trans.  Am.  Inst.  Min.  Eng.,  Vol  XXX,  1900,  p.  610. 

3 The  irold-quartz  Teins  of  Neyada  City,  etc.:  Seventeenth  Ann.  Bept.  U.  S.  G^eol.  Survey, 
Pt.  II,  1996,  p.  148. 
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accessible,  hut  the  nietamorphic  proc^esses  connecte<l  with  ore  deposi- 
tion inayl)e  studied  to  considerable  advantage  from  surface  exposures 
and  the  material  of  the  dumps.     The  country  rock  of  the  Polar  Star 
is  a  dark-gray  n)ck  of  andesitic  appearance,  carrying  abundant  glis- 
tening phenocrysts  of  plagioclase  up  to  7  or  8  millimeters  in  length. 
In  thin  section,  under  the  microscope,  the  plagioclase  is  seen  to  be  chiefly 
labradorite  (ab,  an,)  which   is  almost  i)erfectly  fresh.     Phenocrysts 
of  a  pale  augiti'  or  diopside  are  almost  wholly  altered  to  caleite  and 
(^hlorite,  and  some  bastite  pseudomorphs  indicate  the  former  presence 
of  phenocrysts  of  an  orthorhombic  pyroxene.     Quartz,  and  probably 
some  orthoclase,  are  present  in  the  groundmass.     The  chemical  anal- 
ysis of  this   rock   is  gi\  en   in   Column  I,  page  122.     This  analysis 
differa  from  that  of  a  normal  andesite  in  its  rather  high  alkalies  and 
i*elatively  high  potash.     It  might  be  classed  as  a  latite.     Owing  to  its 
somewhat  weathered  condition  and  lack  of  knowledge  as  to  the  accu- 
rate chemical  constituents  of  the  I'esulting  chloritic  and  serpentinons 
products,  an  attempt  to  calculate  the  mineralogical  composition  from 
a  chemical  and  microscopical  analysis  is  not  entirely  satisfactory. 

Calculating  the  carbon  dioxide  as  caleite,  the  soda  as  labradorite 
(abi  aui),  the  phosphoric  anhydride  as  apatite,  the  residual  lime  as 
diopside,  all  the  potash  as  orthoclase,  and  dividing  up  the  other  con- 
stituents between  chlorite,  serpentine,  magnetite,  etc.,  the  following 
approximate  mineralogical  composition  was  obtained. 

Minei'alogical  ccmiposntion  of  midesitic  rock  (latite?)  from  Engineer  Mountain, 


Constitcent. 


Labradorite  (al>ian]) 

Orthoclase  (?) 

Quartz 

Diopfiide  (CaMg(Si03)2> 

Chlorite  (H40^FeMg)»Al,4Sii!)O(M)) 

Caleite 

Serpentine 


Per 
cent,  by 
weight. 


33.9 
32.4 
U 
4.7 

I 

3 

2.8 


Constltaent. 


I      Per 
cent,  by 
weight. 


Kaolinite 

Magnetite 

Hematite 

Apatite 

Rutile  and  lencoxene 


2.6 

2.3 

3.8 

1 

1.4 


98.9 


Thei'e  still  remains  about  1  per  cent  of  alumina  not  accounted  for 
in  the  above  calculation.  Combined  with  part  of  the  ferrous  iron 
here  calculated  as  magnetite  and  chlorite,  and  with  some  of  the  silica, 
reckoned  as  quartz,  it  may  enter  into  the  composition  of  the  pyrox- 
ene, which  probably  does  not  correspond  exactly  to  the  theoretical 
diopside  molecule.  The  percentage  of  kaolinite  is  leather  higher  than 
the  niieros(?opical  investigation  would  indicate.  The  specific  gravity 
as  calculated  from  the  foregoing  mineralogical  composition,  ignoring 
I)orosity,  is  al>out  2.8.  The  foregoing  speciiueii  was  taken  a  few  hun- 
dred feet  west  of  the  mine,  and,  although  fresher  i-ock  occurs  in  the 
vicinity,  this  was  selected  for  chemical  analysis  as  being  undoubtedly 
the  particular  facies  in  which  the  Polar  Star  lode  was  fonned. 

The  dumps  of  the  Polar  Star  mine  are  made  up  largely  of  a  locally 
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altered  form  of  the  fore^j^ing  latite.  The  original  porphyritic  struc- 
ture is  perfectly  preserved,  but  the  rock  is  bleached  to  a  very  light- 
gray  tint,  and  the  feldspars  are  completely  kjiolinized.  Small  crystals 
of  pyrite  are  abundant,  occurring  both  in  the  altered  phenocryst«  and 
in  the  groundmass.  This  is  evidently  the  countrj'  rock  which  imme- 
<liately  incloses  the  ore,  although  it  is  not  known  how  far  this  pro- 
nounced alteration  extended  on  either  side  of  the  ore-bearing  fissure 
zone.  Under  the  microscope  the  rock  appeal's  as  a  fine-granular 
Aggregate,  consisting  chiefly  of  quartz,  kaolin,  and  diaspore,  with 
considerable  disseminated  pyrite.  The  porphyritic  structure  is  par- 
tially lost  between  crossed  nicols,  although  the  abundance  of  diaspore 
in  some  of  the  altered  phenocrysts  differentiates  them  from  the 
groundmass.  The  diaspore  occurs  in  irregular  grains  up  to  about  0.5 
millimeter  in  diameter.  The  relatively  high  refractive  index,  strong 
double  refraction  with  consequent  brilliant  polarization  colors,  and 
the  conspicuous  cleavage  render  the  mineral  very  noticeable  in  thin 
section.     It  is  biaxial,  with  dispersion  red  less  than  blue. 

In  order  to  confirm  the  microscopical  determination,  a  portion  of 
the  rock  was  powdered  and  treated  with  hydrofluoric  acid  by  Dr. 
llillebrand.  The  resulting  residue  proved,  on  microscopical  exami- 
nation, to  consist  of  grains  of  the  8uppose<l  diaspore,  with  a  few 
particles  of  pyrite  and  a  little  amorphous  material.  A  rough  qimnti- 
tative  analysis  showed  that  the  residue  consisted  of  about  84.4  per 
<*ent  of  alumina  and  15.2  per  cent  of  water,  thus  placing  the  identifi- 
cation of  the  mineral  as  diaspore  beyond  question. 

A  chemical  analysis  of  this  altered  rock  is  given  in  Column  II  on 
page*  122.  The  two  analyses  of  fresh  and  altered  i-ock,  as  they  stand 
side  by  side,  represent  a  comparison  of  unit  weights,  and  therefore 
are  not,  in  all  probability,  directly  comparable  for  the  purpose  of  ascer- 
taining the  actual  change  that  has  taken  place  in  a  unit  volume  of  the 
original  rock.  It  may,  however,  ])e  tentatively  assumed  that  the 
alumina  has  I'emained  constant.  An  analysis  of  the  altered  rock 
recalculated  on  this  basis  gives  the  result  shown  in  Column  Ila.  A 
comparison  l)etween  Column  Ila  and  Column  I  shows  that,  under  the 
assumption  made,  tlie  altered  rock  has  suffered  a  total  loss  of  substance 
of  over  14  per  cent.  A  little  silica,  3.15  per  cent  of  water,  and  some 
sulphur  have  ])een  introduced,  while  magnesia  and  carbon  dioxide 
have  l)een  wholly,  and  lime-soda  potash  almost  entirely,  removed. 
Of  the  original  iron  pi-esent  in  the  rock,  a  little  more  than  one-half 
remains  combined  with  sulphur  to  form  pyrite.  It  will  he  noted  that 
in  the  recalculated  analysis  the  phosphoric  and  titanic  acids  are  verj* 
nearly  the  same  as  in  the  fresh  rock,  which  lends  some  support  to  the 
assumption  previously  made  that  the  alumina  has  ]*emained  practi- 
cally constiint  in  the  pnwess  of  metamorphism.  It  seems  at  first  sight 
]>robable  that  the  lo.s8  of  substance  in  the  alt-ereil  rock  may  be  accom- 
panied by  an  increase  of  ponwity  without  actual  shrinkage  of  the  rock 
as  a  whole.     If  this  l>e  so,  the  specific  gravities  of  the  unaltered  and 
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altered  rock,  hs  determined  on  considerable  fragments,  should  be  to 
each  other  approximately  as  100  is  to  8H  (i.  e.,  to  100  less  the  loss  of 
substance  due  to  metamorphism).  The  specific  gravities  as  actually 
determined  are  2.764  and  2.734,  and  their  ratio  is  as  100  to  99.  This 
result  does  not  accord  with  the  idea  that  the  loss  of  substance  has 
resulted  in  corresponding  increase  of  porosity  with  retention  of  initial 
volume.  In  so  far  as  the  laboratory  determinations  of  specific  gravity 
may  be  relied  upon  in  drawing  conclusions  as  to  the  mass  as  a  whole^ 
they  indicate  that  the  loss  of  substance  has  been  followed  by  diminu- 
tion of  volume,  presumably  associated  with  actual  cracking  or  fissur- 
ing  and  not  with  increased  porosity. 


Analyses  and  recalculations  of  rocks  of  Polar  Star  mine,  Engineer  Mountain, 


Constitaent. 


I. 


IL 


lio. 


Per  cent.l  Per  cent. 


SiOa 55.61 

A1,0, 16.40 

FejOs *  5.44 

FeO 2.37 

MgO 3.25 

CaO '  5.85 

NaaO 2.61 

K2O : 3.77 

H2O- 4« 

H,0+ 1.51 

TiOs 1.10 

COs 1.33 

PaOfi 45 

S Trace. 

CriOa --,.i  None. 

NiO None,  i 

MnO 

BaO 

SrO 

LiiO 

FeS, 

Total .,. 

Sp.  gr 


64.79 
18.93 
None. 
None. 
None. 
.43 
.15 
.24 
.50 
5.30 
1.21 
None. 
.51 


Per  cent. 

56.13 

16.40 

None. 

None. 

None. 

.37 

.13 

.30 

.43 

4.66 

1.04 

.44 


LfOSBor  gain 
of  each  con- 
stitaent in 
percentage 
of  the  whole 
original 
rock. 


116. 


LiOflsorgain 
of  each  con- 
stitaent in 
perceotage 
of  the  whole 
oriidnal 
rock. 


None. 
None. 


.00 

None. 

.03 

.06 

.05 

Trace. 

Trace. 

8tr.tr. 

7.19 

100.82 

99.40 

2.764 

1 

1 

.05 


Per  cent, 
+0.58 

0 
-5.44 
-2.37 
-3.25 
—5.48 
-2.48 
-3.57 

-  .03 
+3.16 

-  .06 
-1.38 

-  .01 


Percent. 

64.14 

18.74 

None. 

None. 

None. 

.42 

.14 

.23 

.49 

5.33 

1.19 


50 


—  .00 
+  .02 

-  .06 


+6.22 


.06 


7.12 


-14.25 
2. 734  at  19^  C.    ( W.  F.  Hillebrand. ) 


Per  cent. 
+8..W 
-^2,34 
—•>.  44 
-2.  .17 
-3.25 
-  .•).  4.3 
-2.47 
-3..>4 
^  .(« 
-3.  Si 
+   .(W 

-!.:« 


+  .03 


+7.12 


-1.9» 


I.  Latite.    Country  rock  of  the  Polar  Star  mine.  Engineer  Moantain.    Analysis  by  H.  N. 

Stokes. 
II.  Metasomatically  altered  latite.    Wall  rock  of  Polar  Star  mine,  Engineer  Moantain.    Analy- 
sis by  H.  N.  Stokes, 
lla.  Recalculation  of  II  on  basis  of  constant  alumina. 
116.  Recalculation  of  II  on  basis  of  constant  volume. 

It  will  be  rememl^ered  that  the  preceding  discussion  rests  upon  the 
initial  assumption  that  the  alumina  has  remained  constant  during  the 
metamorphism.  This  assumption  may  not  be  correct,  and  it  will 
further  the  inquiry,  as  well  as  illustrate  the  complexity  of  the  problem^ 
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to  trace  the  results  growing  out  of  another  probable  premise.  If  it  be 
assumed  that  during  the  metamorphic  processes  the  volume  of  any 
given  mass  of  the  rock  has  remained  constant,  then  the  analysis  of 
the  altered  rock  may  be  recalculated  on  this  basis,  using  for  this  pur- 
pose the  determined  specific  gravities,  and  be  then  corapai*ed  with 
that  of  the  unaltered  rock.  The  result  of  this  comparison  is  shown  in 
Column  116 

It  appears  from  this  total  that  under  the  assumption  of  constant 
volume  the  rock  has  lost  only  about  2  per  cent  of  its  substance  through 
metasomatism.  Moreover,  there  has  been  an  addition  of  8.5  per  cent 
of  silica  and  2.  J}  per  cent  of  alumina.  In  other  respects  the  alteration 
is  not  significantly  different  from  that  deduced  upon  tlie  hypothesis 
of  constant  alumina. 

It  is,  of  course,  possible  that  neither  the  hypothesis  of  constant 
ahuiiina  nor  that  of  constant  volume  is  strictly  true;  but  it  is  believed 
that  the  latter  is  a  closer  approximation  to  the  truth  than  the  former. 
The  altered  ix)ck  is  not  notably  porous,  nor  does  it,  in  the  field,  show 
evidence  of  contraction  in  bulk.  Moreover,  the  very  obvious  intro- 
duction of  ([uartz  into  some  faciesof  it  and  the  occurrence  of  diaspore 
[K)int  to  that  assumption  involving  the  introduction  of  silica  and 
alumina  as  being  nearest  the  truth. 

In  order  to  further  test  this  point  a  special  examination  was  made 
of  the  spring  water  issuing  above  the  Guston  mine  (see  p.  1 14)  to  deter- 
iiiiue  whether  it  carried  alumina  in  solution.  It  was  found  to  be 
pn^sent  to  the  extent  of  about  214  parts  per  million,  thus*proving  thait 
tho  alumina  in  the  i-ocks  can  not  be  reganied  as  a  constant  constituent 
during  nietasomatic  alteration  in  this  region. 

The  mineralogical  composition  of  the  altered  roc^k  may  be  roughly 
calculated  from  Analysis  II  as  follows,  the  soiia  being  considered  as 
accompanying  the  potash  in  sericit^: 

Miucralogical  competition  of  metasoinatically  altered  tcdll  rock  of  Polar  Star 

min€t  Engineer  Mountain, 


Mineral. 


Percent 
a«eby 
weight. 


Mineral. 


Percent- 
Effeby 
weight. 


Quartz  . . 
Kaolinite 
Diaspore 
Pyrlt©  .. 
Sericite 


4H.8  ' 

Rntile 

1.2 

ao.3 

Apatite 

.7 

tt.6 
7.2 

3.9 

1 

98.7 

The  specific  gravity  of  the  rock,  as  derived  from  the  foregoing  min- 
eral composition  and  excluding  pore  spaces,  is  about  2.9,  as  compared 
with  2.8  similarly  obtained  for  the  unaltered  rock.  This  rough  cal- 
culation is  thus  in  agreement  with  the  general  rule  that  near  fissure 
veins  t  he  replacing  minerals  are  as  a  whole  denser  than  those  replaced.  * 


Lindgren:  Tnuis.  Am.  Inst  Min.  Eng.,  Vol.  XXX,  19U0,  p.  694. 
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Although  the  altered  facies  just  described  appears  to  indicate  only 
slight  silicification  or  actual  addition  of  silica  to  the  rock,  this  process 
has  taken  place  to  a  greater  extent  in  the  immediate  walls  of  the  fis- 
sures and  in  fragments  of  country  rock  included  within  the  vein 
quartz.  Such  facies  show  little  or  no  diaspore,  but  more  sericite. 
The  secondar}'  quartz  in  such  rocks  is  often  more  coarsely  granular, 
and  in  thin  section  can  be  distinguished  from  the  quartz  which  fills 
veinlets  only  through  its  association  with  nests  of  sericite,  kaolinite, 
and  a  little  diaspore.  All  original  structure  of  the  latite  disappears 
between  crossed  nicols. 

Summing  up  briefly,  the  characteristic  features  of  the  Polar  Star 
metamorphism  are  (1)  its  restriction  to  the  immediate  vicinity  of  the 
lode,  (2)  the  removal  of  at  least  2  per  cent  of  the  substance  of  the 
rock,  including  all  of  the  magnesia  and  carbon  dioxide,  nearly  all  of 
the  alkalies  and  lime,  and  much  of  the  iron,  (3)  the  addition  of  silica, 
water,  alumina,  and  sulphur,  and  (4)  the  formation  of  a  secondary 
aggregate  chiefly  of  quartz,  kaolinite,  pyrite,  diaspore,  and  sericite. 

The  depth  to  which  the  alteration  of  the  character  extends  is  not 
known.  The  specimens  studied  evidently  came  from  the  deepest 
workings,  probably  over  500  feet  from  the  surface. 

It  is  not  probable  that  the  metamorphism  described  can  have  been 
effected  by  solutions  in  which  alkaline  carbonates  were  the  principal 
constituents.  It  is  more  likely  that  the  effective  agent  was  acid 
water.  If,  however,  the  water  contained  sulphuric  or  hydrochloric 
acids  it  is,  at  first  thought,  rather  difficult  to  understand  the  forma- 
tion of  kaolinite  and  diaspore.  But  as  these  minerals  themselves  are 
not  soluble  in  acids,  they  maj-  be  capable  of  forming,  under  certain 
conditions,  even  in  the  presence  of  such  a  solvent  for  alumina  as  free 
sulphuric  acid.  Acid  waters  containing  sulphuric  acid  circulate 
through  the  rocks  of  the  Red  Mountain  region  at  the  present  day  and 
have  not  prevented  the  formation  of  kaolinite  nor  effected  its 
removal.  In  fact,  they  have  probably  in  some  cases  aided  directly  in 
its  formation  by  serving  as  solvents  from  which  the  alumina  has  been 
precipitated  as  kaolinite  or  diaspore  under  favorable  conditions.  The 
formation  of  diaspore  instead  of  kaolinite  in  the  presence  of  abun- 
dant silica  indicates  a  very  moderate  hydration. 

The  metasomatic  alteration  of  the  rocks  of  the  Red  Mountain  Range 
has  frequently  been  referred  to  in  this  report.  It  is  not  limited  to 
the  immediate  vicinity  of  known  ore  bodies,  but  is  so  widespread  and 
noticeable  a  feature  as  to  become  an  important  problem  in  the  gen- 
eral geology  of  the  region  and  a  serious  embarrassment  to  the  geol- 
ogist intent  upon  unraveling  the  structure  and  relationships  of  the 
various  igneous  rocks  involved. 

As  a  rule,  the  metamorphosed  rocks,  where  not  superficially  stained 
by  iron  oxide,  are  nearly  white.  Frequently  traces  of  original  struc- 
ture, such  as  outlines  of  feldspar  phenocrysts  or  of  breccia  fragments.. 


RAN80ME.] 


METAM0RPHI8M  OF  THE  COUNTRY  BOCK. 


125 


can  be  recognized,  but  not  uncommonly  these,  too,  have  vanished,  and 
the  rock  has  become  a  white  granular  aggregate  resembling  a  fine- 
grained quartzite.  Of  such  origin  and  character  is  most  of  the 
so-called  "quartz"  of  the  Red  Mountain  mines,  which  forms  the  sili- 
ceous knobs  in  which  many  of  the  ore  bodies  outcrop. 

The  mound  at  the  White  Cloud  mine  may  be  taken  as  a  typical 
example  of  such  a  knob  or  knoll.  It  is  elliptical  in  plan  and  about 
50  feet  long,  trending  N.  10°  E.  It  rises  about  30  or  40  feet  above  the 
general  slope  of  the  hill,  and  is  composed  of  bleached  siliceous  rock 
which  occasionally  shows  traces  of  breccia  structure  and  which  is 
evidently  an  altered  form  of  the  Silverton  andesitic  breccia.  It  con- 
tains considerable  very  finely  disseminated  pyrite. 

A  thin  section  of  this  rock  shows  a  finely  crystalline,  rather  turbid 
aggregate  of  quartz,  kaolin,  pyrite,  rutile,  and  some  minute  inde- 
terminable minerals.  Some  outlines  of  former  phenocrysts  are  rec- 
ognizable in  ordinary  light,  but  these  disappear  between  crossed 
nicols.  The  quartz  grains  are  very  irregular  in  outline  and  intricately 
interlocked.  They  are  full  of  minute  inclusions  of  kaolinite,  rutile, 
pyrite,  and  other  minerals  too  small  for  determination.  The  kaolin 
occurs  in  bunches  showing  the  charaeteristic  foliated  aggregation  of 
the  individual  scales,  and  the  usual  low  double  refraction. 

A  chemical  analysis  of  this  rock,  from  a  specimen  taken  in  a  short 
tunnel  in  the  knoll,  is  here  given: 

Analysis  of  altered  andesitic  breccia  from  White  Cloud  mine, 

[Oeorgd  Steiger,  analyst.] 


No  analysis  of  unaltered  rock  is  here  available  for  comparison,  and 
it  is  not  possible  to  determine  accurately  the  additions  and  subtrac- 
tions to  the  original  rock  which  have  resulted  in  the  metamorphosed 
facies.  It  is  evident,  however,  that  either  the  alumina  has  been 
very  greatly  reduced  or  the  silica  has  been  enormously  increased.  In 
ail  probability  there  has  been  some  removal  of  alumina  and  a  large 
addition  of  silica.  Ferric  and  ferrous  iron  have  been  partly  removed 
and  the  residue  has  been  changed  to  pyrite.  Lime  has  been  almost 
all  carried  away  and  soda  and  potash  have  been  wholly  removed.    Car- 
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bon  dioxide  is  absent.    The  little  sulphuric  anhydride  preoenfc  m  piob- 
ably  combined  with  baryta  as  barite. 

The  mineralogical  composition  of  the  altered  rock  may  l>e  roughly 
(calculated  as  follows: 

Mineralogical  composition  of  altered  andesitic  breccia  from  White  Cloud  mine. 


Mineral. 

Percent 

Quartz     ................ 

ra.5 

Kaolin 

13.8 

Pyrite 

3.4 

Rutile -- - - 

6 

W.3  ' 

About  1  per  cent  of  water  is  not  accounted  for,  as  there  are  no  alka- 
lies or  alumina  to  combine  with  it.  It  may  exist  as  chalcedon3'  or 
opal,  or  as  some  hydrated  compound  of  iron.  No  attempt  has  been 
made  to  calculate  the  small  amounts  of  ferric  and  ferrous  iron,  lime, 
phosphoric  acid,  sulphuric  acid,  and  baryta,  which  probably  corre- 
spond to  a  little  barite,  apatite,  and  other  minerals  present  in  minute 
(juantities  in  the  i*oek.  The  total  absence  of  sericite  is  rather  remark- 
able. The  character  of  the  alteration  points  to  acid  waters  as  the 
cause  of  metamorphism. 

Of  the  same  general  character  as  the  foi^egoing  is  the  metamorphisiu 
which  has  transfonned  andesitic  tuffs  or  breccias  of  the  Silverton  series 
into  the  higlily  siliceous  rock  forming  the  greater  part  of  the  pictur- 
esque knob  in  which  the  National  Belle  mine  lies,  at  the  village  of 
Red  Mountain.  The  fesulting  rock  is  nearly  white  and  decidedly 
porous.  Examined  with  a  lens,  it  appears  to  consist  wholly  of  quartz 
with  a  little  pyrite,  and  is  full  of  minute  cavities  sparkling  with 
<|uartz  crystals.  Locally  this  porous  structure  ma}'  he  so  pixmounced 
as  to  give  the  rock  a  pumic^ous  appearance. 

Under  the  microscope,  in  ordinary  light,  the  remnants  of  porphyritie 
structure  are  easily  i-ecognizable.  Relativel}'  clear  areas  having  the 
shape  of  feldspar  phenoerysts  and  dark  areas  containing  much  finely 
divided  pyrite  and  other  opaque  particles,  clearly  pseudomoi'phs  after 
some  phenoerysts — probably  ferromagnesian  constituents — lie  in  a 
groundmass  somewhat  turbid  with  minute  dark  particles.  With  the 
nicols  crossed,  however,  this  structure  practically  vanishes,  and  the 
whole  appeal's  as  a  finely  crystalline  granular  aggregate  of  quartz. 
The  space  formerly  occupied  by  the  phenoerysts  of  feldspar  is  now 
filled  with  quailz,  somewhat  more  coarsely  crystalline  than  in  the 
gronndmass.  Frequently  the  quartz  does  not  quite  fill  the  space,  but 
has  left  a  microscopic  vug  in  the  center.  The  quartz  making  up  the 
rock  is  not  pure,  being  crowded  with  indeterminable  inclusions.     But 
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the  rock  in  all  probability  contains  over  90  per  cent  of  silica,  and  the 
evidence  of  thorough  silicifieation,  with  removal  of  nearlj^  all  of  the 
bases  save  a  little  iron  to  form  pyrite,  is  unquestionable.  It  shows 
that  under  certain  conditions  even  the  alumina  may  be  removed,  and 
that  the  assumption  as  to  the  constancy  of  this  constituent  in  unal- 
tered and  altere<l  rock  must  be  used  with  caution. 

An  intrusive  j)orphyry,  belonging  with  the  monzonite-latite  group 
of  rocks,  is  fairly  abundant  in  the  Red  Mountain  region,  where  it 
forms  relatively  small  masses  of  circular  or  elliptical  plan.  It  has 
been  intruded  in  the  form  of  plugs  or  bosses  into  the  volcanic  rocks, 
and,  like  the  latter,  has  undergone  metasymatie  alteration.  Where 
not  g  /eatly  altereil — as,  for  example,  at  an  exposure  by  the  roadside  a 
few  hundi'ed  vards  south  of  the  Yankee  Girl  mine — the  rock  is  con- 
spicuously  porphyritic,  showing  phenocrysts  of  pink  orthoclase  up  to 
three-quart(*rs  of  an  inch  in  length,  smaller  cr^'stals  of  white  plagio- 
clase,  and  anhedrons  (crystalline  grains)  of  quartz,  all  lying  in  a 
compact,  greenish-gray  groundmass. 

Under  the  microscope  the  rock  shows  considerable  decomposition. 
The  orthoclase  is  fairly  fresh,  but  the  plagioclase  (apparently  in  part 
acid  oligoclase)  is  partly  sericitized.  Areas  of  calcite  and  chlonte 
with  a  little  pyrit«  are  apparently  pseudomorphous  after  augite  or 
diopside.  The  groundmass  is  a  rather  cloudy,  fine-granular  aggre- 
gate which  seems  to  consist  chiefly  of  quartz  and  orthoclase,  but  con- 
tains considerable  calcite  and  chlorite,  with  some  apatite,  a  good  deal 
of  finely  disseminated  pyrite,  and  some  titanic  iron  altering  to  leu- 
coxene.  A  chemical  analysis  of  this  rock  is  given  in  Column  I  in  the 
follo>.ing  table: 

Analyaes  of  monzonitic  porphyry. 
[H.  N.  Stokes,  analyst.] 


Constitnent. 


SiOa. 
Al,Os 
FesOa 
FeO. 
MkO 
<  'aO . 
Na«0 
K-O  . 
H,.()  - 
H,.0- 
TiO... 
CO,  . 


I*er  vent. 

58.78 

l.TO 
2.27 
3.29 
4.31 
3.24 
4.0» 

.^» 
1.67 

.  w 
3.49 


II. 

Per  cent. 

73.  «1 

13.97 

None. 

None. 

None. 

.31 

.(H 

.00 

.68 

4.18 

.60 

None. 


Constituent. 


I. 


II. 


Pt'rrent.  l^r  rent. 

PjOft 53  .83 

SO, j...  j  Notdet. 

,  CrsOn '     None.'  None. 

i  NiO None.!  None. 

|i  MnO Trace.  Trace. 

I   BaO I           .12  I  .04 

SrO I           .tfi  ,  Trace. 

LijO Trace.  Strongtr. 

I   FeSa '         l.aa  6.62 

'                                                           99.73  99.34 


I.  Monzonitic  porphyry,  from  near  Yankee  Girl  mine. 
II.  Metasomatically  altered  faoies  of  foregoing,  from  near  National  Belle  mine. 
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From  thi8  analysis  and  the  microscopical  study  the  mineralogical 
composition  may  be  calculated  as  follows: 

MinercUogiccU  composition  of  monzonite'porphfpry. 


CoQfltituent. 


Albite  (molecule) 

Quartz 

Orthoclase  (molecule) 

Chlorite 

Caldte 

Sericite 


dk^nstituent. 

Titaoiciron  ore 

Majpietite  and  mtlle  — 

PyHte ... 

Apatite 


[Per  cent. 


} 


4.2 

1.5 
1.3 


flP.6 


All  the  lime  shown  in  the  analysis  is  i^equired  to  form  calcite  with 
the  carbon  dioxide,  so  that  the  plagioclase,  whatever  its  original  com- 
position, must  at  present  contain  very  little  lime  and  is  calculated  as 
albite.  The  appearance  of  the  thin  section  indicates  that  the  chem- 
ical determination  of  the  pyrite  may  be  a  little  low  and  that  a  portion 
of  the  iron,  here  calculated  as  titanic  iron  ore,  should  really  be  estimated 
as  p3'rite. 

On  the  north  side  of  the  National  Belle  knob  a  mass  of  this  same 
porphyry  has  been  altered  by  metasomatic  processes  to  a  very  light- 
gray  rock  in  which  the  feldspars  are  transformed  to  dull  kaolin-like 
aggregates  while  the  quartz  phenocrj'^sts  are  apparently  unchanged. 
A  few  minute  veinlets,  filled  ^ith  kaolin,  occur  in  the  hand  specimen. 
The  groundmass  is  gray  in  color,  compact  in  texture,  and  abundantly 
sprinkled  with  minute  crystals  of  pyrite.  This  alteration  is  evidently 
directly  connected  with  the  deposition  of  the  National  Belle  ore  bodies, 
and  is  merely  one  phase  of  the  metamorphism  which  has  given  rise 
to  the  siliceous  mass  in  which  the  ore  occurs. 

Under  the  microscope  ixiunded  and  embayed  phenocrysts  of  quartz 
containing  minute  fluid  inclusions,  and  pseudomorphous  aggregates 
after  feldspar,  are  seen  to  lie  in  a  finely  crystalline,  granular  ground- 
mass.  The  feldspar  phenocrysts  have  been  changed  to  pseudomorphs 
of  kaolin,  diaspore,  and  quartz.  The  diaspore  is  intimately  associated 
with  the  kaolin,  in  which  it  often  occurs  embedded  in  ragged,  shred- 
like areas.  Near  it  there  is  sometimes  a  small  amount  of  a  colorless 
isotropic  mineral  with  a  fairly  high  refractive  index,  which  has  thus 
far  defied  identification.  The  groundmass  is  a  finely  crystalline  mosiiie 
of  quartz  and  kaolin  with  small  scattered  ciystals  of  pyrite  and  occa- 
sional crystals  of  rutile  and  apatite.  Sericite  was  not  noted,  but  is 
perhaps  not  entirely  absent. 

A  chemical  analysis  of  this  rock  is  given  under  II,  on  page  127,  and 
although  the  two  rocks  ai*e  not  from  the  same  mass,  there  can  be  little 
doubt  that  they  were  both  originally  of  the  same  character. 

It  may  be  that  the  nearly  identical  contents  in  alumina  shown  by 
the  two  analyses  is  merely  a  coincidence,  but  it  is  probable  that  it 
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denotes  practical  constancy  of  the  alumina  during  the  change  which 
has  taken  place  in  the  rock. 

The  notable  features  of  the  alteration  are  the  introduction  of  silica, 
water,  and  sulphur,  the  total  removal  of  iron  (except  that  combined 
with  sulphur  to  form  pyrito),  magnesia,  and  carbon  dioxide,  and  the 
almost  entii*e  abstraction  of  lime  and  alkalies.  The  formation  of 
diaspore  brings  this  alteration  close  to  that  described  at  the  Polar  Star 
mine,  the  original  rocks  in  both  cases  being  of  similar  chemical  com- 
position, while  the  addition  of  silica  and  the  formation  of  kaolin, 
usually  without  sericite,  is  characteristic  of  the  Red  Mountain  mines. 

Ignoring  the  small  amount  of  the  unknown  isotropic  mineral,  the 
mineralogical  composition  of  the  altered  rock  may  l)e  roughly  calcu- 
lated from  the  chemical  and  microscopical  data  as  follows: 

Mineralogical  composition  of  altered  nionzonitic  porphyry  from  National  Belle 

miiie. 


Constituent. 


Quartz  . . . 
Kaolinito, 
P>'ritf    .. 
I)iaHp<^r«' 
8«»ricite  . 


Per  cent. 


Constituent. 


—  I. 


60.9 

26.3 

5.6 

a  3. 8 

.6 


AiMitite 
Rutile  . 


Per  cont. 


.6 
.« 

OK  4 


a  The  diaspore  of  this  rock  was  also  isolated  with  hydrofluoric  acid.  It  appeared  to  be  fully  as 
abundant  in  the  residue  as  in  the  similar  residue  from  the  Polar  Star  rock,  described  on  patpe 
121.  and  the  a1r)ove  calculation  may  below. 

This  is  a  verv  different  alteration  from  thai  normallv  brought  about 
by  waters  carrying  alkaline  carbonates,  which,  as  Lindirren  *  ha*i  shown, 
tend  to  form  sericite  and  carbonates  in  the  wall  rock.  It  is  Ij^jlieved 
to  be  du(»  to  the  action  of  acid  waters. 

Il  is  unfortunate  that  the  study  of  the  metaniorphism  connected 
with  the  Red  Mountain  ore  bodies  is  at  the  present  time  practically 
confined  to  the  surface.  However,  as  far  as  can  be  judged  from  the 
mim^  dumps,  metaniorphism  of  the  character  described  accompanied 
the  ore  bcxlies  to  the  greatest  depth  explored. 

On  Anvil  Mountain,  which  forms  thes(mthernendof  what  has  been 
<*alle<l  for  <*onvenience  the  Red  Mountain  Range,  the  bleache<l  rocks, 
wh(»n  critically  examined,  are  found  to  present  some  variations  in 
<*omposition.  Thus  the  country  ro(*k  of  the  Brobdignag  claim,  prol)- 
ably  originally  an<lesitic,  is  converted  into  a  fine-granular  aggregate 
of  (juartz  and  barite,  with  a  little  sericite.  It  is  impregnated  with 
pyrite  aii<l  is  traverscnl  by  some  veinlets  of  sericite  or  kaolin.  At  the 
Zuni  miih'  the  ctmntry  rock,  which  was  evidently  an  andesiteor  latite, 
has  l)e<'n  recrystallized  near  the  ore  bo<iy  to  a  mass  of  quartz,  sericite, 
kaolin,  and  barite,  with  a  little  epidotc  in  small  grains.     Some  rutile 

'  Tht'  gold-<iuartz  veiUM  of  Nevada  City  and  OrafM  Valley  districts,  California:  Seventeenth 
Ann.  Kept.  U.  a  Geol.  Survey,  Pt.  II.  lh9B,  p.  172. 
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and  Houw  iiiidet4»rminecl  minerals  in  minute  grains  are  also  present. 
At  the  Mystery  claim,  on  the  summit  of  Anvil  Mountain,  the  rock 
(rhyolite?)  has  be<»n  chaiige<l  to  a  nearly  white,  rather  porous  inaas 
showing:  no  traces  of  original  igneous  structure.     Under  the  micro- 
scopic it   shows  faint  outlines  of  former  phenocrysts,  which  become 
nearly  invisible  tot  ween  crossed  nicols.     The  rock  consists  chiefly  of 
quartz  and  ahmite  in  a  fine-granular  aggregate,  with  a  little  kaolin 
and  rutile.     At  John  Roland's  tunnel,  about  1^  miles  southeast  of  the 
Myster}'  claim,  an  opportunity  was  presented  for  studying  some  of 
the  steps  of  alteration.     About  150  feet  from  it«  mouth  the  tunnel  cuts 
through  a  very  irregular  vein-like  mass  of  kaolin  and  continues  beyond 
it  for  200  feet  or  more.     Near  the  breast  the  rock,  although  altered,  can 
l)e  recognized  as  an  andesite,  or  closely  related  rock.     It  is  greenish 
gray   in  color  and   shows   outlines   of   small    feldspar  phenocrysts. 
Under  the  microscope,  although  the  original  porpkyritic  structure  is 
partly  pres(»rved,  the  rock  is  seen  to  be  completely  altered.     The  phe- 
nocrysts of  plagioclase  are  changed  to  sericite  and  quartz,  while  the 
augite  and  perhaps  other  dark  constituents  are  represented  by  pseu- 
domorphs  of  chlorite  and  calcite.     At  about  150  feet  from  the  fissure 
the  country  rock  is  already  bleached  to  a  light  greenish-gray  tint  and 
the  original  texture  partly  obliterate<l.     Under  the  microscope  it  is 
seen  to  be  a  secondary  aggregate,  consisting  chiefly  of  sericite,  <[uartz, 
and  calcit(»,  retaining,  however,  outlines  of  the  original  porphyritie 
structure.     AlM)ut  45  feet  from  tbe  fissure  the  rock  is  nearly  white 
and  shows  very  faint  traces  of  original  texture.     In  general  api)ear- 
anc(»  it  is  identical  with  most  of  the  bleached  and  metamorphosed  nK»k 
of  the  Red  Mountain  Range.     Microscopically  examined,  the  outlines 
of  former  phenocrysts  are  distinctly  visible,  but  the  whole  rock  is 
recryst  alii  zed  to  a  very  fine  aggregate  of  quartz  and  sericite  with  some 
leucoxene  (rutile).     The  former  feldspar  phenocrysts  are  now  nearly 
I)ur(»  sericit<».     Lastly,  a  specimen  taken  from  the  wall  of  the  fissure 
is  a  nearly  white,  compact  rock  in  which  close  scrutiny'  fails  to  dete<!t 
any  vestige  of  primary'  structure.     Under  the  microscope  the  rock 
appears  as  a  finely  crystalline  aggregate  consisting  of  quartz  and  seri- 
cite, with  a  little  ])rownish  isotropic  material  occurring  in  minute  vein- 
lets.     R(»crystallization  in  this  case  has  not  only  been  complete,  but 
there  has  been  such  thorough  rearrangcmentof  the  crystallizing  mate- 
rial as  to  obliterate  all  traces  of  i)rimary  structure.     The  alteration 
has  plainly-  been  accompanied  b}'  removal  of  iron,  lime,  magnesia,  and 
probal)ly  other  constituents.     Whether  alumina  has  been  removed  is 
an  op<^n  question,  but  the  fa<*t  that  the  fissure  from  whence  the  meta- 
morphosing solutions  penetrated  the  inclosing  rock  is  itself  filled  with 
a  vein-like  deposit  of  kaolin  shows  that  at  some  depth  both  potash  and 
alumina  have  been  removed  from  the  countrj'  rock  and  concentrated 
as  kaolinite  within  the  fissure  walls. 

The  conspicuous  metamorphism  of  the  Red  Mountain  region  has 
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undoubtedly  involved  rocks  of  various  kinds,  reducing  them  all  to 
light-colored  secondary  aggregates  of  similar  appearance.  Andesites, 
latites,  monzonite-porphyry,  and  rhyolite  have  been  altered  to  prod- 
ucts which  often  give  little  indication  of  the  nature  of  the  original 
rock.  But  in  many  portions  of  the  quadrangle  the  rhyolitic  rocks 
show  certain  characteristic  phases  of  metamorphism  in  connection 
with  ore  deposition  which  seem  to  merit  some  special  notice.  This 
rock,  when  acted  upon  by  ore-bearing  solutions,  is  particularly  sus- 
ceptible to  recrj'Stallization  into  secondary  aggregates  of  quartz  and 
sericite,  quartz  and  kaolin,  or  quartz,  sericite,  and  kaolin.  As  a 
general  rule  such  metasomatic  alteration  is  accompanied  by  more  or 
less  replacement  of  the  rock  by  ore,  as  may  be  seen  in  the  Tom  Moore 
or  Silver  Ledge  mines. 

No  favorable  opportunity  was  presented  for  studying  in  detail  the 
metasomatic  processes  which  accompanied  the  deposition  of  ore  in  the 
moiizonitic  stocks,  such  as  Sultan  Mountain.  But  so  far  as  observed 
the  alteration  is  not  conspicuous. 

PARAGENESIS  OF  THE  LODE  AND  STOCK  ORES. 

By  paragenes^is  ishei'e  meant  the  association  of  the  various  ore  and 
gangue  minerals  with  special  reference  to  the  order  and  mode  of  their 
formation. 

l^evond  the  common  and  well-known  derivation  of  certain  second- 
ary  minerals  in  the  zone  of  oxidation,  as,  for  example,  anglesite  or 
lead  sulphate  from  galena,  the  directl}^  observable  paragenesis  of  the 
ores  offers  few  points  which  can  be  embodied  in  any  general  statement 
of  regular  association.  As  a  general  rule  the  ore  minerals  which  are 
found  together  in  any  one  deposit  have  formed  contemporaneously, 
an<i  cases  are  rare  in  which  a  definite  and  constant  succession  of  dif- 
ferent ore  minerals  can  be  recognized.  In  the  Tom  Moore  lode 
chalcopyrite  appears  to  have  formed  later  than  tetrahedrite.  The 
same  relation  was  observed  in  the  Dives  lode,  where  masses  of  tetra- 
hedrite are  surrounded  by  an  envelope  of  chalcopyrite  from  which 
radiate^  still  younger  quartz  crystals.  But  in  many  other  lodes  these 
two  minerals  occur  in  such  irregular  relations  as  to  i)oint  to  pra(*tically 
contemporaneous  crystallization.  In  the  Empire-Victoria  lode,  on 
Sultan  Mountain,  hiibnerite  and  fluorite  have  been  formed  since  the 
ore  was  deposit<»d.  Native  copi)er,  wherever  seen,  was  plainly  of 
later  origin  tlian  the  sulphide  ores  with  which  it  was  associated. 
Native  silver  was  seen  only  in  detached  si)ecimens  of  ore,  but  it  occurs 
cliaracteristi(»ally  in  the  upper  portions  of  the  deposits  and  is  undoubt- 
iMlly  of  secondary  origin.  Quartz  of  at  least  two  generations  is  com- 
mon, as  shown  by  the  relatively  barren  stringers  of  this  mineral, 
which  can  l)e  found  traversing  the  ore  in  many  of  the  deposits. 

Free  gold  oc*curs  usually  embedded  in  quartz  and  associated  with 
l)yrite  or  chalcopyrite.     In  the  Sunnyside,  Sunnyside  Extension,  and 
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Camp  Bird  mines  it  is  also  associated  with  pale-yellow  sphalerite  and 
fluorite.  Some  specimens  were  seen  from  the  Sunnyside  Extension 
mine  in  which  the  gold  occurred  as  implanted  crystals  on  quartz  and 
was  therefore  of  later  age  than  the  latter. 

Unfortunately  there  are  at  present  few  opportunities  for  studying 
the  occurrence  of  proustite  and  argontite  in  the  Silverton  quadrangle. 
In  the  Ridgway  mine  much  of  the  argentite  occurs  implanted  on,  or 
wedged  between,  the  quartz  crystals  of  small  vugs,  and  was  the  last 
mineral  to  ciystallize.     It  has  been  the  universal  experience  in  the 
Silverton  district  that  argentite,  proustite,  and  polybasite  are  not 
found  l)elow  a  very  moderate  depth.     The  data  at  hand  do  not  permit 
of  a  definite  statement  as  to  the  depth  at  which  these  rich  argentifer- 
ous minerals  change  to  low-grade  ore,  but  the  indications  are  that  it 
is  less  than  1,000  feet,  although  it  is  well  known  that  in  other  regions 
some  of  these  minerals  extend  to  greater  depths.     It  is  probable, 
although  not  at  present  demonstrable,  that  in  the  Silverton  region 
proustite,  argentite,  and  polybasite  are  of  secondary'  origin  and  indi- 
cate a  zone  of  enrichment  of  the  kind  to  which  Kmmonw'  and  Weed* 
have  recently  called  attention. 

The  downward  change  from  galena  througli  richly  argentiferous  cop- 
per ores  to  chalcopyrite  and  pyrite,  which  was  found  to  be  a  character- 
istic feature  of  many  of  the  Red  Mountain  mines,  is  a  case  of  paragenesis 
on  a  large  scale,  which  will  be  discussed  in  the  following  section  on 
the  origin  of  ores.  The  origin  of  the  rhodonite,  which  is  so  abundant 
in  many  of  the  lodes  of  the  northern  half  of  the  (luadrangle,  and  it* 
exact  relation  to  the  quartz  and  ore  which  accompany  it  constitute  a 
puzzling  problem,  for  which  no  satisfactory  solution  has  been  found. 
Such  a  solution  must  account  for  the  presence  of  large  lenticular  or 
partition-like  masses  of  rhodonite,  carrying  a  few  specks  of  low-grade 
ore,  and  dividing  the  ore  bodies  longitudinally  into  two  or  mon^  parts, 
and  for  the  presence  of  patches  and  stringers  of  rhodonite.  In  tlie 
Saratoga  mine  rhodonite  has  formed  by  nietasomatic  repla(.*ement  of 
limestone.  It  is  possible  that  in  such  lodes  as  the  Sunnyside  the  lai'ge, 
solid  masses  of  rhodonite  within  the  vein  may  represent  met^isomat- 
ically  altered  horses  of  country  rock.  This,  however,  is  merely  a 
hypothesis,  which  requires  confirmation  before  acceptance.  It  has 
undoubtedly  been  deposited  also  in  open  fissures  as  a  true  vein 
iiiineral. 
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That  the  ores  of  the  Silverton  (juadrangle  w(»re  <lepo8ited  from 
aqueous  solution  is  a  proposition  which,  in  the  light  of  present  knowl- 
<Mlge,  uecHls  no  special  demonstration.     Th(\v  were  precipitated  partly 


'  T\u'  secondary  enrichment  of  ore  dei>osits:  Trans.  Am.  Inst.  Min.  Eng..  Vol.  XXX.  VM\ 
rp.  177  217. 

-Enrichment  of  mineral  veins  by  later  metallic  sulphides:  Bull.  Geol.  Soc.  Am., Vol.  XI,  190(1. 
Pl».  17H  -»««. 
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in  open  spaces,  to  which  the  solutions  had  access,  and  partly  as 
replacements  of  various  rocks  through  metasomatic  action.  Their 
deposition  was  accompanied  by  chemical  and  mineralogical  changes 
in  the  immediately  adjacent  country  rock,  producing  effects  which  in 
the  majority  of  cases  diminish  rapidly  in  int-ensity  with  increasing 
distance  from  the  fissure  walls.  As  far  as  is  known,  the  deposition  of 
ore  within  the  fissures  was  not  affected  bv  differences  in  character  of 
the  wall  rock.  It  is  believed  that  the  facts  presented  in  the  descrip- 
tive portions  of  this  report  all  indicate  an  initial  primary  deposition 
by  ascending  mineralized  waters.  It  is  probable,  as  pointed  out  by 
Liiidgren^  and  Van  Ilise,^  that  these  watera  were  originally  meteoric 
waters,  which  gained  tlieir  heat  and  collected  their  mineral  contents 
during  slow  do>^Tiward  and  lateral  percolation  through  the  rocks,  and 
were  subsequently  gathered  as  ascending  currents  into  the  main 
fissures.  It  is  not  known  from  what  particular  rocks  they  extracted 
their  metalliferous  burden,  nor  at  what  depth  most  of  the  solution  took 
place. 

That  the  eutin*  process  of  ore  deposition  was  directly  connected 
with  volcanism  can  scarcely'  l>e  doubted.  The  most  obvious  aspects 
of  this  conne<»tion  are  threefold:  (1 )  The  mechanical  formation  of  the 
fissures;  (2)  the  accession  of  heat,  whereby  the  chemical  activity  of 
underground  water  was  intensified;  and  (3)  the  accumulation  of  vast 
masses  of  igneous  rock  fnmi  which,  at  some  depth,  the  constituents 
of  the  ore  minerals  were  probably  denved.  It  is  possible  that  there 
should  be  included  here  also  the  evolution  of  carbon  dioxide,  sul- 
ph ydrie  acid,  and  probably  other  volatile  substances,  as  active  solvent 
and  <*hemical  agents. 

Very  different  views  are  held  by  various  investigators  in  regard  to 
the  extent  to  which  pneumatolytic  processes,  due  to  the  emanation  of 
highly  he«ated  gases  and  vapors  from  solidifying  igneous  rocks,  are 
res|xmsible  for  ore  deposition.  Van  Ilise,  in  his  suggestive  paper 
just  (*ited,  practically  ignores  pneumatolysis  as  a  factor  in  the  forma- 
tion of  ore  bodies.  Kemp/  on  the  other  hand,  considers  that  meteoric 
waters  have  little  or  no  efficiency  in  the  original  concentration  and 
deposition  of  ores,  and  that  the  waters  of  ore-l)ea'ing  soluticms, 
together  with  their  dissolved  mineral  constftuents,  are  of  intratelluric 
origin,  and  are  givi^n  off  at  high  temperatures  by  masses  of  igneous 
rock  in  process  of  congcdation.  Various  intermediate  views  are  held 
by  many  European  geologists  and  writers  on  ore  deposits,  notably  by 
l>(H'k,  Vogt,  and  I)u  Launay.  The  evident  connection  between  ore 
deposition  and  volcanism,  or  at  least  the  products  of  volcanism,  the 


»  The  gold  quartz  veins  of  Nevada  City  and  QrasH  Valley  districts,  California:  Seventeenth 
Aun.  Rfpt.  U.  S.  Geol.  Survey,  Pt.  II,  189«,  p.  17«. 

'''Some  principloH  controlling  the  deposition  of  ores:  Trans.  Am.  Inst.  Min.  Eng.,  Vol.  XXX, 
l»Hl.  J)   47. 

3  The  role  of  the  igneous  rocks  in  the  formation  of  veins:  Trans.  Am.  Inst.  Mining  Eng.,  Rich- 
mond meeting,  19U1. 
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presence*  of  fiiiorit4»  and  hQbiierite  in  Hcnie  of  the  lodes  of  the  Silver- 
ton  region,  and  the  occurrence  of  alunite  and  dia8iK)re,  in  conne<*tion 
with  uietasomatic  alteration  of  the  c^nintr}-  roc*k  apparently  brought 
about  l)y  acid  watei-H  and  hwally  very  pronounced  in  chnrsicter,  are 
all  to  Honie  extent  indicative  of  pneuniatolytie  processes.  Hut,  as 
Liudgren'  remarks,  Huorine  and  boron  ronipounds  are  found  in  some 
deposits  wliieh  are  certainly  not  of  pneumatolytic  origin,  nor  even 
formed  at  high  tem|x»rature.  The  Silverton  hnies,  as  a  whole,  possess 
neither  the  distribution  nor  the  mineraiogical  eharaeters  of  those 
dei>osits  to  which  in  the  light  of  present  knowledge  an  essentially 
pneumatolytic  origin  can  l)e  most  safely  assigned.  The  known  igne- 
ous nmsses  had  certainly  solidifie<i  and  probably  had  lost  much  of 
their  lieat  lH»fore  the  hnle  fissures  were  formed.  It  is  most  probable 
that  the  transportation  and  concentration  of  the  Silverton  ores  was 
effect^l  chiefly  by  meteoric  waters,  which  derived  their  chemical  and 
mechanical  energy  mainly  from  the  heat  connected  with  volcanism 
and  fnim  pressui*e,  but  |)ossibly  in  some  minor  part,  also,  to  gnses  and 
vapors  given  off  at  high  temp<^rature  by  solidifying  igneous  roeks  and 
taken  into  the  deeper  meteoric  circulation. 

It  is  difficult  to  determine  the  exact  character  of  the  solutions  which 
deposited  the  ore  of  the  Silverton  quadrangle.  Many  natural  solvents 
are  known  for  the  common  gangue  minerals,  for  sulphide  minerals, 
and  for  gold.  According  to  Doelter's^  experiments,  pyrite,  sphalerite, 
galena,  stibnite,  chalcopyrite,  arsenopyrite,  and  l)ournonite  are  all 
appreciably  soluble  in  pure  water  under  the  influence  of  moderate 
heat  (80^  C.)  and  pressure.  Galena  and  pyrite  are  soluble  in  water 
containing  carbon  dioxide,  and  gold  and  copper  ai*e  soluble  in  solutions 
of  sodium  carbonate.  ^ 

Solutions  of  sulphydric  acid  or  sodium  sulphide  ai-e  relatively  active 
solvents  of  gold,  as  well  as  of  pyrite,  chalcopyrite,  boumonite,  arsen- 
opyrite, galena,  and  sphalerite,  according  to  the  investigations  of 
Becker^  and  Doelter.**  The  experiments  of  Doelter  in  particular 
indicate  that  heat  and  probably  pressure^,  increase  the  solvent  action, 
although  the  law  of  this  increase  of  the  different  minerals  is  unknown. 
Solution  is  also  favored  by  a  great  preponderance  in  the  mass  of  the 
solvent  and  by  the  long  contact  of  solvent  and  solid  under  favorable 
conditions  of  heat  and  pressure.  Obviously  these  latter  conditions 
are  those  common  in  nature,  but  which  can  be  only  very  imperfectly 
realized  in  the  laboratory.  It  appears,  therefore,  that  nearly  all 
aqueous  solutions  that  occur  in  nature  may,  under  suitable  condi- 
tions of  heat  and  pressure,  act  as  solvents  and  carriera  of  the  heavy 

»  MotaHomatic  pnjceasea  in  ttasure  veinn:  Trans.  Am.  Inwt  Min.  Eng.,  Vol.  XXX,  1900,  p.  044. 
"Chomist-lie  MinoraloKie,  Leipzig.  1H«0,  p.  18H. 
a  Doelter.  loc.  cit.pp.  1«)-191. 

♦Natural  solutioua  of  cinnaljar,  gold. and  associated  sulphides:  Am.  Jour. ScL,  Vol.  Xyy.  1887 
pp.  U»-L'l».    Also  Mon.  U.  S.  aeol.  Survey,  Vol.  XIII,  1888,  pp.  402-433.  * 

»  Loc  cit.,  p.  1«J. 
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metals  and  their  sulphides.  Some  solutions  are  undoubtedly  more 
efficient  than  others  under  like  conditions,  but  where  so  many  unknown 
elements,  such  as  degree  of  heat,  amount  of  pressure,  relative  mass 
of  solvent  an<i  solute,  and  duration  of  the  process,  enter  into  the 
problem,  it  is  rarely  possible  to  arrive  at  even  approximate  quantitative 
results. 

As  the  lode  and  stock  ores  we»-e  deposited  from  solutions,  it  follows 
that  the  ('hemical  action  of  thest*  solutions  on  the  wall  rocks  offers  a 
very  important  mode  of  atta(*king  the  problem  of  their  chemical  char- 
acter. The  nature  of  this  metasomatic  alteration  has  been  discussed 
at  some  length  on  pages  114-131  of  this  report.  It  is  concluded  that 
the  solutions  producing  it  were  chemically  different  in  different  por- 
tions of  the  quadrangle.  The  very  slight  development  of  carbonates 
in  connection  with  some  lodes,  and  their  entire  absence  in  others,  indi- 
cate that  carbon  dioxide  or  alkaline  carbonates  were  not  abundant 
in  the  mineralizing  waters,  although  probably  not  wholly  absent,  in 
the  case  of  deposits  such  as  those  of  Silver  Lake  Basin.  The  silicifi- 
cation  observed  in  connection  with  the  Red  Mountain  deposits,  with 
the  removal  of  most  of  the  bases,  including  in  some  cases  part  of  the 
alumina  and  the  addition  of  sulphur  and  water,  indicate  the  action  of 
acid  wat^ers,  probably  containing  free  sulphuric  acid.  But  here 
another  element,  which  can  not  be  ignored,  enters  the  problem. 
Water  containing  sulphuric  acid  and  ferric  sulphate  is  known  in  tlie 
Red  Mountain  region  to-day — not  as  ascending  thermal  wat^r,  but  as 
(in  part  at  least)  descending  water,  which  owes  it«  acidity  to  the 
oxidation  of  previously  deposited  iron  pyrite.  The  capacity  of  this 
water  to  effect  some  changes  in  the  country  rock  is  beyond  doubt.  It 
is  not  unlikely,  therefore,  that  much  of  the  alteration  visible  in  the 
Red  Mountain  region  is  the  result  of  compdex  processes  involving  the 
action  of  solutions  of  different  characters  and  origin  and  aeting  upon 
any  given  mass  of  the  rock  at  different  times. 

Writei-s  on  the  genesis  of  ore  deposits  very  comm<mly  si)eak  of 
the  "circulation,"  ''currents,"  or  ''flow"  of  the  ore-lK^aring solutions 
within  the  fissui"es.  Although  the  use  of  these  terms  is  convenient 
and  can  not  be  regarded  as  entirel}'  incorrect,  yet  it  is  believed  that 
it  has  tende<l  to  give  artificial  or  false  conceptions  in  regard  to  the 
actual  processes  of  ore  deposition  in  many  veins,  particularly  in  large 
veins.  Ore  deposited  by  solutions  having  obvious  movement  througli 
a  fissure  should  exhibit  the  phenomenon  called  by  Posepny  crust  ifica- 
tion — i.  e.,  it  should  be  deposited  in  successive  layers  or  coatings  upon 
the  walls  of  the  fissure.  ^  But  this  structure,  formerly  so  much  insisted 
upon  as  evidence  of  deposition  in  open  fissures,  is,  as  a  matter  of 
fact,  of  comparatively  rare  occurrence  even  in  veins  which  on  other 
evidence  are  demonstrably  simj^le  fissure  fillings.     In  most  of  the 

*  It  is  perhapH  hardly  needful  to  xK>int  out  that  the  oonverse  of  this  proposition  is  not  necessa- 
rily trae. 
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important  lodes  of  the  Silverton  quadrangle  no  ernstifieation  can  be 
detected.  The  fissures  are  filled  by  coarsely  crj'stalline  allotriomor- 
phie  aggregates  of  ore  and  gangue  (massive  structure),  and  there  is 
no  evidence  to  show  that  such  a  structure  could  result  from  successive 
deposition  upon  the  walls  of  the  fissure  until  the  whole  was  finally 
filled.  On  the  contrar}^  (crystallization  has  proceeded  simultaneously 
from  many  points  within  the  solution.  Quartz,  galena,  pyrite,  spha- 
lerite, chalcopyrite,  and  other  minerals  have  formed  practically  con- 
temporaneously about  local  centers  of  crj-stallization  scattered  irregu- 
larly throi.gh  the  solidifying  mass.  It  is  difficult  to  ccmceive  all  the 
details  of  a  process  which  results  in  the  formation  from  aqueous  solu- 
tion of  an  irregular  allotriomorphic  aggregate  of  minerals  differing  so 
widely  in  specific  gravity.  But  reasoning  fn>m  analogy  with  similar 
struct  ures  met  with  in  petrologj^  and  in  the  arts,  it  is  fair  to  assume 
that  this  structure  in  veins  is  the  result  of  the  undisturbed  crystalli- 
zation of  a  nearly  motionless  saturated  solution.  In  other  words,  it 
was  the  crystallizati(m  of  a  reservoir  so  large,  in  comparison  with  the 
current  oi  currents  which  circulated  through  it,  as  to  have  been  it^f 
free  from  megascopic  motion.  The  conditions  which  induced  crys- 
tallization were  present  throughout  the  mass  of  material  which  filled 
the  fissure,  and  solidification,  instead  of  proceeding  gradually  from 
the  walls  inward,  took  place  almost  simultaneously,  although  not  nec- 
essarily with  rapidity,  throughout  the  mass.  Obviously  this  massive 
structure  and  ernstifieation  may  be  present  in  the  same  vein.  In  such 
cases  deposition  appears  to  have  begun  by  ernstifieation  next  the 
walls,  passing  at  a  later  stage  into  the  more  general  mode  of  crystal- 
lization indicated  by  what  has  been  descrited  as  massive  structure. 

Attention  has  l)een  strongly  drawn  of  late,  through  the  writings  of 
De  Launay,*  Van  llise,^  Weed,^  and  Emmons,*  to  Lhe  important  part 
plaj'ed  by  secondary  sulphide  enrichment  in  th^  formation  of  many 
9re  l)odies,  parti(*ularly  those  carrying  copper  and  silver.  As  a  prob- 
able example  of  such  an  enriched  deposit,  Mr.  Emmons*  has  cited  the 
Yank(»e  Girl  ore  lK)dy.  Unfortunately,  at  the  time  Mr.  Emmons  vis- 
ited the  mine,  in  1888,  but  little  attention  had  been  given  to  the  sub- 
ject of  secondary  sulphide  enrichment,  while  at  the  j^resent  day  the 
staU^  of  the  workings  is  such  as  to  render  impossible  the  verification 
by  direct  observation  of  this  application  of  the  theory.  However, 
tluMc  are  many  facts  which  point  strongly  toward  secondary  enrich- 
ment as  the  true  mode  in  which  the  rich  ore  bodies,  not  only  of  the 
Yankee  Girl,  but  of  the  Guston,  Silver  Bell,  and  other  mines,  were 
fornifMl.     To  have  the  important  fac»;s  fresh  in  mind,  it  will  be  well  to 


'  (%)iitribntion  H  TtHude  des  writes  metallif^roK:  Ann.  des  Mines,  Vol.  XII,  18»7,  pp.  11&-2SB. 

^  Some  priuciplcR  controlling  deposition  of  ores:  Trans.  Am.  Inst.  Min.  Eng.,  Vol.  XXX,  I900L 
pp.  :57  in. 

=*  Enrichment  of  mineral  veins  by  later  metallic  sulphides:  Bull.  Geol.  See.  Am.,  Vol.  XI,  1900, 
pp.  179  aUB. 

*  Tlie  secomlary  enrichment  of  ore  deposits:  Trans.  Am.  Inst.  Min.  Eng.,  Vol.  XXX,  1900,  |qpL 
177  217. 

*Loc.  cit.,  p.  1». 


RAK80ME.]  OBIGIN    OF   THE    LODE    AND   STOCK    ORES.  187 

review  briefly  the  characteristic  features  of  these  ore  bodies  which 
bear  upon  this  question. 

The  ore  first  struck,  in  some  cases  actually  at  the  surface,  consisted 
chiefly  of  argentiferous  galena.  At  a  depth  which  varied  somewhat 
in  different  mines,  but  which  appears  to  have  been  usually  less  than 
200  feet,  this  galena  changed  to  an  ore  consisting  chiefly  of  highly 
argentiferous  stromeyerite.  At  a  still  greater  depth — usually'  about 
500  feet — the  stromeyerite  changed  to  argentiferous  bornite,  still 
deeper  to  chalcopyrite  and  pyrite,  and  finally  to  low-grade  aurifer- 
ous and  argentiferous  pyrite.  These  changes  were  more  or  less  irreg- 
ular and  overlapping.  Thus  pyrite  was  found  at  nearly  all  levels,  and 
bunches  of  galena  were  met  with  far  below  the  levels  at  which  it  ceased 
to  be  the  dominant  ore.  Small  rich  streaks  of  bornite  were  also  found, 
with  chalcopyrite  and  pyrite,  below  the  levels  where  it  occurred  in 
large  masses.  According  to  Schwarz,^  who  opened  and  worked  many 
of  the  ore  bodies  of  the  Red  Mountain  district,  the  rich  portions  of 
the  ore  bodies  were  always  associated  with  open  water-bearing  fis- 
sures, and  he  apparently  regarded  the  entire  deposits  as  forme<i  pri- 
marily 1)3'  depositi(m  from  the  water  enterin^r  tiirough  these  fractures. 
It  seems  to  be  a  well  attested  fact  that  at  a  depth  of  alwut  500  feet 
there  was  encountered  in  the  Yankee  Girl  and  Guston  mines  a  fault 
or  "slip  plane"  with  low  west»erly  dip,  and,  further,  that  the  richest 
on>  occurred  just  above  this  seam,  which  was  filled  with  claj'-like 
gouge.  Moreover,  most  of  the  water  entering  the  mines  came  in  at  or 
alwve  this  fault.  The  acid  character  of  this  water  was  well  known, 
and  it  carried  in  solution  large  amounts  of  the  sulphates  of  iron  and 
copjwr.  Lastly,  the  mines  are  situated  within  a  valley  of  erosion, 
within  which  the  ore  bodies  outcrop  at  different  levels.  It  is  not 
known  what  thickness  of  material  has  been  removed  in  the  shaping  of 
the  present  topography,  but  it  probably  excee<is  2,000  feet.  It  is 
hardly  conceivable  that  the  observed  relation  between  the  vertical 
variations  in  the  ore  bodies  and  the  present  topographic  surface  is  a 
haphazard  one.     It  is  without  much  doubt  genetic. 

Ore  deposits  which  show  a  fairly  orderly  vertical  succession  from 
rich  sulphides  near  the  ground-water  level  down  to  poor  sulphides  at 
greater  depth  are  in  nearly  all  cases  regarded  as  the  produ(*t  of  two 
concentrations — a  concentration  by  ascending  waters  and  a  further 
concentration  by  descending  waters.^  By  the  former  are  deposited 
lean  ores,  found  in  the  deepest  workings,  which  are  enriched  to  a 
greater  or  less  depth  by  the  downward-moving  solutions.  As  Van 
Ilise  has  pointed  out,  these  two  processes  may  go  on  at  the  same 
time,  or  they  may  have  oi)erated  successively  on  any  given  vertical 
section  of  the  ore  body.  The  facts  obtainable  in  the  Red*  Mountain 
region  point  to  the  original  deposition  of  bodies  consisting  chiefly  of 


1  TranR.  Am.  Inst.  Min.  Enff.,  Vol.  XVIII,  1800,  p.  144. 
*  Van  HUie,  op.  cit.,  p.  101. 
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pyrite  carrying  a  little  irold,  silver,  and  copper.  The  lead  may  have 
originally  l>een  sparingly  deposited  as  galena  with  the  pyrite.  It  is 
into  such  low-grade  auriferous  and  argentiferous  pyrite,  carrying  2  or 
3  per  cent  of  copper  and  containing  an  <K*(^asional  bunch  of  galena, 
that  the  rich  oiv  bodies  passed  in  the  Guston,  National  Belle,  Silver 
Bell,  Hudson,  and  Yankee  Girl  mines  when  the  ore  be<*ame  too  poor 
to  work. 

Subsequently,  as  the  surface  of  the  region  was  reduced  by  erosion, 
descending  watei's,  which  found  ready  passage  through  the  fi.ssured 
and  mineralized  rocks  of  the  region  and  through  the  upper  portions  of 
the -lean  primary  ore  bodies,  effect^  a  second  concentration,  which 
produced  the  rich  ore  formerly  mined.  The  penetration  of  this  water 
into  the  primary  pyritic  ore  must  have  l)een  aided  by  the  i>orous, 
crumbling  character  of  much  of  the  latter.  These  waters  are  known 
to  have  l>een  heavily  laden  with  the  sulphates  of  iron  and  copper  and 
other  salts,  resulting  from  oxidation  of  the  upper  portions  of  the  ore 
bodies.  As  these  solutions  penetrated  downward  they  probably  acted 
upon  the  low-grade  pyritic  ore,  replacing  part  of  the  iron  sulphide  by 
sulphides  of  copper  and  silver.  Apparently  much  experimental  work 
remains  to  be  done  before  all  the  details  of  the  chemical  processes 
involved  will  be  actually  known,  but  the  probability  of  the  transfor- 
mations outlined  is  shown  by  the  following  chemical  equations  taken 
from  Van  Hise's  suggestive  pai)er. ' 

By  taking  solutions  containing  merely  the  sulphates  of  copix^r  the 
prcKluction  of  -chalcopyrite  from  iron  sulphides  may  be  written  as 
follows: 

Cupric  sulphate + ferrous  sulphide— cbalcopyrite+ferrous  sulphate. 

CuSO,     +      2  FeS     =  CuFeS,  +      FeS04 
Or, 

Ciipric  sulphate+    pyrite    +oxygen  =>  cbalcopyrite+ferrou8  sulphate +sulpharon8  anhydride. 

CuSO,     -fL>FeSa-f   O,    -  CuFeS^ -f      FeSO^      +  2  SO, 

Bornite  may  be  produced  as  follows: 

Cuprous  sulphate  +  cupric  sulphate  +  fcrrouH  sulphide  —     bornite     +  ferrous  sulphate. 

CujSO^     +     CUSO4     +      3  E-VS       =€u3FeS3+     2  FeS04 
Or, 

Cuprous  sulphate  +  cupric  sulphate  +    pyrite    4-  oxygen  =    bornite     +  ferrous  sulphate  + 

CU2SO4      +     CUSO4     +3  FeS^-f  r,  o  =Cu3FeS3-f     2  FeSO^     + 

sulphurous  anhydride. 

But  bornite  may  also  be  formed  by  direct  action  of  the  copper  sul- 
phates on  chalcopyrite,  as  follows: 

Chalcopyrite+cupric  sulphate  4- ox  y  gen  =     bornite     -♦-ferroussulphate+sulphurouBanhydrida. 

2  CuFeSj-f     CuSO,     +  Og  =Cu3FeS,+      FeSO^      +  SO, 


1  Some  principles  controlling  the  deposition  of  oreb:  Trans.  Am.  Inst.  Mln.  Eng.,  VoL  XXZ, 
1900,  pp.  111-112. 
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C'haleocite  may  be  produced  from  pyrite,  chalcopyrite,  or  bornite, 
as  follows: 

Ciipr  >U8  salphute  ■*■  pyrite  +  oxygen  =  cbalcocite  +  cuprous  sulphate  +  sulphurous  anhydride. 

C1138O4       +FeS2-f    Og   =   CivS   -f        FeSO^       +  SOj 

Cupric  Hulphate+chalcopyrite+oxygen=chalcocite+cuprou8  sulphate +suiphurou8  anhydride. 

<\\So,      +  CuFeSj  +  O2  =  Cu^S  +       FeSO,       -;-  SO.^ 

Cupric  sulphate  H      bomite     -f-oxygen  =»  <^halcr)cite  +  ferrous  sulphate +suIpliurous  anhydride. 

CiiSO,      -f-CUsFeSg-f-   O.^  =  2Cu.^S  +       FeS04      +  SO^ 

Of  coarse  it  is  understood  that  these  sulphides  overlap  one  another.  Before  the 
iron  sulphide  has  wholly  been  replaced  by  chalcopyrite  bornite  may  appear.  At 
the  place  where  bomite  has  become  reasonably  abundant  chalcocite  may  be  found. 
However,  certain  general  statements  may  he  made.  If  the  dominating  material  is 
iron  sulphide,  the  copper  mineral  which  is  present  is  likely  to  be  chalcopyrite 
rather  than  the  richer  sulphurets.  Chalcopyrite,  on  the  one  hand,  is  likely  to 
be  associated  with  the  pyrites,  and  on  the  other  hand  with  bornite,  or  even  chal- 
cocite. Bornite  and  chalcocite  are  likely  to  be  associated  with  each  other  and  with 
chalcopyrite.  but  with  the  first  two  compounds  iron  sulphide  is  likely  to  be  sub- 
ordinate or  absent.' 

When  the  sequence  pf  fonnation,  deduced  largely  on  theoretical 
grounds  by  Van  Ilise,  is  compared  with  the  facts  of  occurrence  in  the 
Yankee  Girl  and  Guston  mines,  the  close  correspondence  affords 
striking  confirmation,  not  only  of  the  prolmble  truth  of  the  theory  of 
secondary  sulphide  enrichment,  but  also  of  its  applicability  to  these 
deposits.  As  far  as  the  cupriferous  sulphides  and  pyrite  are  con- 
cerned, the  relations  are  exactly  those  which  might  be  expected  as  a 
result  of  the  downward  percolation  of  solutions  of  copper  sulphates 
through  a  body  of  low-grade  pyritic  oies. 

The  iron  sulphates,  of  course,  c^n  not  act  directly,  as  do  the  copper 
sulphat4^s,  in  enriching  the  ore.  Their  role  is  limited  to  an  attack  upon 
the  previously  formed  sulphides,  which  converts  them  into  sulphates 
and  redeposits  them  in  part  as  sulphides  below  the  zone  of  oxidation.^ 
The}'  thus  aid,  although  in  a  different  manner,  the  copper  sulphates  in 
effecting  a  secondary  concentration  of  the  ores.  It  is  probable  that, 
owing  to  the  slight  solubility  of  its  sulphate,  the  lead  is  deposited  as 
sulphide  at  an  early  stage  in  the  downward  movement  of  the  solu- 
tions, and  that,  tlimugh  a  constant  and  prohmged  continuance  of  this 
proec  ss,  as  the  out<;rop  of  the  ore  body  is  lowered  by  erosion,  there 
have  resulted  the  masses  of  nearl}'^  pure  galena  ore  which  occurred 
alM)ve  the  chalcocite  or  stromeyerite. 

The  application  of  the  theory  of  secondaiy  sulphide  enrichment  to 
any  ore  bmly  naturally  presupposes  the  existence  of  small  amounts 
of  the  valuable  metals  in  tlie  low-grade  ore  of  primary  deposition. 
But  this  fact  is  not  always  easily  determined,  as  mining  operations  are 
not  often  pushed  very  far  beyond  the  depth  at  which  the  on?  ceases  to 


I  Van  Hise,  op.  cit.,  p.  112. 

•'  The  secondary  enrichment  of  ore  deposits,  by  8.  F.  Emmons:  Trans.  Am.  Inst.  Mln.  Enfc.* 
VoL  XXX,  190»,  p.  210. 
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pay,  and  it  is  not  always  possible  to  dotormine  the  actual  downward 
limit  of  the  enrichment.  But  the  numerous  assays  made  of  the 
unworkable  pyrite  in  the  deepest  levels  of  the  Guston,  Silver  Bell,  and 
Naticmal  Belle  mines  all  show  the  presence  of  a  fraction  of  an  ounce 
of  gold  and  a  few  ounces  of  silver.  Lead  has  not  been  determined. 
It  is  probable  that  in  the  assays  made  for  practical  jiurposes  no 
attempt  was  made  to  determine  its  presence  in  small  amounts.  It 
should  further  be  borne  in  mind  that  the  enrichment  in  question  Ls 
not  of  necessity  due  solely*  to  waters  which  have  descended  from  the 
upper  portion  of  the  selfsame  ore  deposit.  The  descriptions  of  the 
mines  indicate  that  some  of  the  second  concentration  was  effected  by 
waters  which  may  have  traveled  laterally,  from  some  distance,  through 
rocks  which  are  themselves  mineralized  and  ma}^  contain  considerable 
bodies  of  ore  as  yet  undiscovered. 

The  theory  of  secondary  enrichment,  which  is  regarded  as  giving 
the  most  probable  and  satisfact^)ry  explanation  of  some  of  the  pecu- 
liar features  of  the  Red  Mountain  deposits,  has,  if  its  application  is 
correct,  certain  very  important  and  practical  consequences.  It  indi- 
cates that  the  rich  ores  formerly  mined  have  a  working  lower  limit 
which  is  probabl}'^  less  than  1,0(K)  feet  in  depth.  While  small  bodies 
of  rich  ore  may  occur  deeper  than  this,  it  is  probably  not  worth  while 
prospecting  for  them  when  once  the  depth  has  been  reached  at  which 
the  ore  is  practically  all  low-grade  pyrite.  On  the  other  hand,  as 
some  pyrite  occurs  at  all  depths,  and  as  the  vertical  limits  of  the 
zones  of  enrichment  are  necessarily  irregular  and  overlapping,  it  is 
unwise  to  suspend  operations  too  quickly,  merely  because  the  ore  falls 
off  locall}'  in  value  and  becomes  pyritic. 

Passing  from  the  Red  Mountain  stock  dei)osit«  to  the  lodes  occur- 
ring in  other  portions  of  the  quadrangle,  the  evidence  of  secondary 
enrichment  is  less  easily  read.  It  seems  very  probable  that  the  rich 
silver  minerals,  such  as  polybasite,  proustite,  and  argentite,  are  the 
result  of  secondary  enrichment  similar  to  that  described  by  Weed* 
in  the  Neihart  district  in  Montana.  In  the  San  Juan  region,  however, 
the  actual  steps  of  the  alteration  of  lower-grade  ores  into  those  rich 
in  silver  can  not  be  traced.  The  evidence  for  a  secondary  origin  con- 
sists in  the  fact  that  these  rich  minerals  occur  largely  in  vugs,  and 
that  in  several  cases  they  pass  at  moderate  depths  into  low-grade  ores. 
These  features,  liowev(ir,  do  not  in  themselves  i)reclude  the  idea  that 
the  minerals  are  primary,  and  resulted  from  original  deposition  in  a 
zone  where  ascending  and  descending  waters  mingled. 

In  the  Tomboy  mine  the  undoubted  association  of  the  richest  gold 
ore  with  shattering  and  movement  in  the  lode,  accompanied  by  some 
oxidation  far  below  the  level  of  general  weathering,  is  suggestive  of 
secondary  enrichment,  but  it  is  hardly  safe  to  assume  that  this  process 

>  Geology  of  the  Little  Belt  Moantains,  Montana:  Twentieth  Ann.  Rept.  U.  S.  GeoL  Surrey, 
Pt  III,  1900,  pp.  42l-i2Z. 
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has  actually  been  effective.  Both  in  this  mine  and  in  the  Silver  Lake 
mine  it  is  stated  by  those  in  charge  that  rich  bunches  of  ore  are  com- 
monly associated  with  secondary  or  **  post-mineral"  fissuring,  which, 
if  true,  is  significant  of  some  secondary  enrichment  below  the  zone  of 
oxidation. 

THE  GROUND  WATER. 

In  many  mining  regions  the  level  at  which  the  ground  water  stands, 
or,  more  accurately,  the  shape  of  its  surface  and  the  relation  of  the 
latter  to  the  topography,  is  a  matter  of  much  importance,  as  by  it  are 
frequently  determined  questions  of  mine  drainage  and  the  depths  at 
which  oxidized  ore  changes  to  unoxidized  ore.  In  the  Silverton  region, 
however,  erosion  has  proceeded  with  such  celerity  relative  to  i)rocesses 
of  oxidation  and  weathering  that  the  change  in  question  is  largely 
independent  of  the  depth  of  the  ground  water,  and  the  latter  is 
accordingly  of  less  moment  to  the  miner. 

In  most  regions  of  considerable  relief  the  upper  surface  of  the 
gi'ound  water  corresponds  to  a  ver^'  subdued  coi)y  of  the  topographic 
relief.  In  the  exceedingly  rugged  and  much  fissured  Silverton  area, 
however,  tin*  ground-water  surface  is  very  much  l(\ss  accentuated  than 
the  topograi)hy.  Not  only  is  the  water  tapped  and  drainc^d  away  by 
the  d(»eply  cut  ravines,  but  its  level  is  often  modified  by  the  tunnels 
run  into  the  mountains,  sometimes  several  thousand  feet  below  the 
crest.s  of  the  ridges.  Under  these  conditions  it  is  often  practically 
impossible  to  predict  at  what  depth  the  ground-water  surface  will  l)e 
encountered  in  mining  operations. 

Tunnels  driven  in  from  the  flooi's  of  the  high  basin  do  not,  as  a  rule, 
encounter  j)ermanent  gi'ound  water.  'Fhose  run  below  the  basins, 
such  as  the  rnity  tunnel,  or  from  the  bottoms  of  the  <lee[)er  ravines, 
such  as  the  Highland  Mary  tunnel  in  Cunningham  Gulch,  t  he  lionanza 
tunnel  near  Animas  Forks,  the  Old  Lout  tunnel  in  Poughkeei)sie 
(tuIcIi,  the  Revenue  tunnel,  the  North  Star  tunnel  on  Sultan  Mountain, 
an<l  the  Empire  tunnel  near  Silverton,  usually  tap  the  ground  water 
and  artifi(*ially  lower  its  surface  within  the  overlying  rock  masses. 
In  the  shafts  of  the  Red  Mountain  district  i)ermanent  wat(»r  is  encoun- 
tered at  depths  varying  from  50  to  200  feet  below  the  surface,  depend- 
ent uj)on  the  location  of  the  shaft  and  the  seasonal  fluctuations  of  the 
ground-watei'  surface,  which  sonu*times  exceed  50  feet.  In  the  Red 
Mountain  district  the  ground-water  surface  is  nearest  the  t<>pographic 
surface*  in  spring  or  early  sumnuM*. 

REPLACEMENT  DEPOSITS. 

HetwcM'u  certain  replacement  d<»posits  and  the  metasomatic  impreg- 
nations frequently  accompanying  fissure  veins  or  ore  stocks  no  sharp 
<listinction  can  be  nnule.  Whether  the  deposit  shall  be  class(*d  as  a 
vein  or  as  a  replac(Mnent  deposit  may  depend  simply  upon  the  quan- 
titative I'elation  between  the  ore  found  within  the  walls  of  the  fissure 


142         ECONOMIC   GEOLOGY   OF   8ILVERT0N    QUADRANGLE.     [bpll-MB. 

and  that  occurring  in  disseminated  particles  or  in  larger  masses  in 
the  nietasomatic  country  rock.  The  Red  Mountain  stocks  undoubt'- 
edly  owe  their  form  partly  to  metasomatic  replacement,  and  might 
almost  as  well  be  described  under  this  head.  Ore-bearing  fissures 
traversing  rhyolite  rocks  are  in  this  region  frequently  accompanied 
by  notable  replacement  of  the  wall  rock  by  ore.  But  there  are  a  few 
deposits  where  replacement  is  so  conspicuous  a  feature  and  where  so 
small  a  part  of  the  ore  occurs  within  distinct  fissure  walls  that  but 
little  doubt  need  arise  as  to  their  proper  classification.  They  are, 
however,  neither  abundant  nor  relatively  important  in  the  Silverton 
quadrangle. 

Direct  replacement  of  limestone  by  ore  occurs  on  the  eastern  side 
of  Ironton  Park,  where,  for  some  distance,  a  thick  bed  of  white 
crystalline  limestone,  probably  of  Devonian  age,  is  exposed  beneath 
Tertiary  volcanic  rocks.  At  the  Saratoga  mine  the  ore,  consisting  in 
its  unoxidized  state  of  pyrite,  chalcopyrite,  and  galena,  with  perhaps 
a  little  argentite,  has  replaced  the  upper  portions  of  this  limestone 
to  a  varying  depth.  The  ore-bearing  solutions  have  been  chiefly 
active  along  the  contact  between  the  limestone  and  an  overlying 
andesitic  breccia  or  tuff  belonging  to  the  Silverton  series.  A  little 
Telluride  conglomerate,  consisting  largely  of  limestone  pebbles, 
occurs  near  the  adit  of  the  mine,  between  the  limestone  and  the  over- 
lying volcanic  series.  It  has  l)een  silicified  and  probably  partly 
replaced  by  ore,  but  was  not  recognized  as  present  in  the  main  work- 
ings. The  oYo  is  sometimes  associated  with  rhodonite,  which  has 
also  replaced  the  limestone  and  frequentlj'  incloses  residual  kernels 
of  the  latter.  The  ore  was  probably  deposited  by  solutions  rising 
through  one  or  more  northeast-southwest  fissures,  although'no  direct 
connection  of  the  ore  with  any  of  the  fissures  could  be  made  out.  In 
the  Baltic  mine  a  similar  but  lower-grade  ore  occurs,  also  as  a  replace- 
ment of  the  upper  portion  of  the  same  Ijed  of  limestone.  This  ore, 
however,  is  directly  connected  with  an  ore  IxKly  filling  a  fault  fissure 
(the  Mono  vein).  In  the  Maud  S.  claim,  which  is  part  of  the  Baltic 
group,  some  argentiferous  copper  ore  occurred  in  bunches  in  the  same 
limestone  alongside  of  a  fault  fissure.  The  direct  connection  between 
the  replacement  ore  bodies  of  the  Baltic  group  and  a  system  of  north- 
east-southwest fault  fissures  strongly  suggests  that  a  similar  connec^- 
tion  does  or  did  formerly  exist  in  the  case  of  the  Saratoga  ore  body. 

In  the  southern  portion  of  the  <iuadrangle  the  Devonian  limestone 
at  the  east  base  of  Sultan  Mountain  carries  disseminated  particles  of 
native  silver  on  the  Fairview  claim,  while  in  an  unknown  prospect 
near  the  King  mine  a  body  of  chalcopyrite  occurs  partly  in  a  fissure 
and  partly  as  a  replacement  of  the  limestone  near  the  fissure.  The 
ore  in  this  case  makes  largely  at  the  underside  of  the  limestone,  where 
it  rests  upon  quartzite. 
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The  facilit}-  with  which  the  rhyolitie  rocks  of  this  re^on  become 
to  a  greater  or  less  extent  metasomatically  replaced  by  ore  has 
already  been  noted.  In  most  cases  such  replacement  is  a  minor 
accompaniment  of  the  deposition  of  ore  in  fissures.  But  at  the  Silver 
Ledge  mine  replacement  is  the  dominant  mode  of  occurrence.  The 
ore,  consisting  of  galena  and  sphalerite,  occurs  metasomatically, 
replacing  rhyolite  in  the  vicinity  of  a  zone  of  fracturing  and  faulting 
trending  about  N.  20°  E.  These  fractures  contain  crushed  country 
rock  and  ore,  and  there  has  evidently  been  movement  along  them 
since  the  ore  was  deposited.  The  principal  ore  bodies,  h6wever,  are 
not  found  within  the  fissures,  but  as  irregular  replacements  of  the 
rhyolite  which  forms  their  walls.  In  some  instances  bodies  of  ore  have 
been  followed  into  the  country  rock  for  30  or  40  feet  from  the  main 
fissures.  The  replacement  is  sometimes  complete,  resulting  in  solid 
masses  of  ore.  More  often  it  takes  the  form  commonly  described  as 
impregnation;  i.  e.,  the  ore  is  more  or  less  thickly  scattered  through 
the  rhyolite  in  specks  and  small  bunches.  In  this  case  there  is  no 
definite  boundary  to  the  ore  body,  and  only  so  much  of  it  is  removed 
as  can  be  profitably  worked. 

The  deposition  of  the  ore  has  been  accompanied  by  metasomatic 
change  and  a  complete  recrystallization  of  the  rhyolite.  The  result- 
ing material,  which  forms  the  gangue  of  the  ore,  is  a  nearly  white, 
minutely  crystalline  aggregate  of  sericite,  kaolin,  and  quartz,  with 
generally  a  little  rutile  and  occasionally  a  small  amount  of  calcite. 
The  proportions  of  the  three  principal  constituents  vary,  some  facies 
of  the  rock  consisting  chiefly  of  sericite  and  kaolin,  while  others  are 
largely  sericite  and  quartz. 

MISCELLANEOUS    MINERAL   RESOURCES. 
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Compared  with  the  extraction  of  gold,  silver,  copper,  and  lead,  all 
other  mineral  productions  of  the  quadrangle  are  insignificant.  At 
present  no  deposit  is  l)eing  worked  for  zinc,  but  sphalerite  ores  are 
abundant.  As  a  rule,  ore  bodies  showing  much  sphalerite  with  little 
galena  have  been  little  prospected,  on  account  of  the  smelter  penalty 
attaching  to  an  excess  of  zinc  in  ores  smelted  for  other  metals.  But 
with  the  increasing  demand  for  zinc  ores  it  is  not  unlikely  that  some 
of  the  sphalerite  lodes  may  ultimatel}'  be  worked  for  this  metal. 
This,  however,  may  l>e  some  years  hence,  owing  to  the  natural  disad- 
vantages under  which  mining  is  carried  on  in  so  elevated  a  region. 

The  occurrence  of  hiibnerite  on  Cement  Creek  has  aroused  expec- 
tations of  the  profitable  exploitation  of  the  deposits.  The  mineral  is 
easily  concentrated  from  its  gangue,  but  it  is  very  doubtful  whether 
it  occurs  in  deposits  of  sufficient  size  or  constancy  to  justify  extensive 
operations. 
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li(>g  mm  ore  (wcurs  in  the  swampy  i^round  aloii^i:  Mineral  Creek  anc 
in  I  ronton  Park  as  a  deposit  from  iron-lR»Hring  sprin^^.  It  was  for 
meriy  used  U)  some  extent  in  Siiverton  as  a  flux  for  smelting,  bu 
has  at  1) resent  no  market. 

Limestone  suitable  for  making  lime  (M'eurs  at  several  points  in  th< 
peripheral  jwrtions  of  the  quadrangle,  and  has  been  burne<l  for  lim< 
just  below  Silverton  to  supply  local  <lemand. 

Building  stone  is  not  in  much  request.  Goo<l  stone  might  uiidoubt 
edly  1k»  quarried  from  the  monzonite  of  Sultan  Mountain  were  then 
any  demand  for  a  building  material  involving  so  much  labor  in  itj 
production. 


PART  II.  DETAILED  DESCRIPTIONS  OF  SPECIAL  AREAS  AND  INDIVIDUAL 

MINES. 

INTRODUCTION. 

The  following  descriptions  are  arranged  in  general  conformity  to 
a  geographical  plan.  The  mines  in  the  Silver  Lake  Basin,  in  the 
southeastern  part  of  the  quadrangle,  are  first  described.  Proceeding 
northward,  other  groups  are  taken  up,  in  the  eastern  and  northeast- 
ern portions  of  the  area.  Then  follow,  successively,  accounts  of 
mines  in  the  northern,  northwestern,  western,  and  southern  districts, 
and,  finally,  descriptions  of  the  Cement  Creek  ore  deposits  in  the 
southwest-central  part  of  the  quadrangle. 

LODES  OP  SILVER  LAKE  BASIN. 

General  features, — The  basin  in  which  Silver  Lake  lies  is  a  typical 
high  cirque  of  a  kind  common  in  the  San  Juan  Mountains.  Its  rocky, 
hummocky  floor,  with  an  altitude  between  12,000  and  12,500  feet,  is 
inclosed  on  three  sides  by  cliffs  and  precipitous  slopes  culminating 
in  Kendall  and  Little  Giant  peaks,  which  attain  altitudes  of  over 
13,400  feet.  The  basin  opens  to  the  north-northwest,  and  its  sloping 
floor  is  terminated,  at  an  altitude  of  about  12,000  feet,  by  precipicc*s 
which  plunge  down  to  the  talus-covered  bottom  of  Arrastra  Gulch. 
Silver  Lake/  a  characteristic  mountain  tarn,  occupies  a  depression  of 
considerable  depth,  excavated  by  glacial  erosion  in  the  softer  rock 
behind  the  sheet  of  massive  andesite  at  the  northern  end  of  the  lake, 
over  which  the  present  drainage  escapes  to  Arrastra  Gulch.  The 
marks  of  glacial  scoring  are  still  plainly  visible  on  this  resistant  sill, 
through  which  the  clear  water  escaping  from  the  post-Glacial  lake  has 
been  unable  to  cut.  T\w  original  beauty  of  this  little  sheet  of  water 
hius  been  marred  by  mining  oi)erations,  particularly  by  a  partial  fill- 
ing with  tailings  from  the  Silver  Lake  mill.  The  basin  is  well  above 
timb(*r  line,  and  the  mine  buildings  are  sometimes  seriously  damaged 
by  snow  slides.  Mine  timi)ei-s  are  packed  in  from  Deer  Park  by 
burros,  over  the  (*ol  or  saddle  at  the  southern  end  of  the  basin. 
The  main  communication  with  the  mines,  however,  is  by  the  trail  and 
the  wire-roi)e  tramways  running  up  Arrastra  Gulch. 

The  rocks  in  which  the  basin  has  been  carved,  and  which  form  the 


'  Formerly  known  as  Arrastra  Lake,  and  still  so  designated  on  the  maps  of  the  General  Land 
Office.    This  is  also  the  name  of  the  post-office  at  the  Silver  Lake  mine. 
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sisteut  lodes,  which  may  be  referred  to  as  the  Silver  Lake  and  Titus- 
ville  lodes.  The  general  course  of  the  fissures  of  this  group  is  nearly 
northwest  and  southeast.  The  second  group  embraces  a  number  of 
shorter  lodes,  having  a  general  average  course  about  N.  25°  W.,  and 
lying  between  the  two  chief  lodes  of  the  first  group.  The  members  of 
the  second  group  are  locally  spoken  of  as  "  north-and-south  veins" — 
an  obviously  inaccurate  expression. 

The  general  dip  of  all  the  productive  lodes  in  the  basin  is  northeast- 
erly, although  some  of  them  are  nearly  vertical  and  often  dip  locally 
to  the  southwest.  Those  of  the  first  group  frequently  have  a  much 
flatter  dip  than  those  of  the  second  group,  and  the  ore  is  generally  of 
lower  grade  and  more  irregular  in  its  occurrence.  Large  bunches  of 
ore  are  separated  by  I'elatively  barren  portions  of  the  lode.  As  a  rule 
the  product  is  a  lead-silver  ore,  consisting  chiefly  of  galena  accompa- 
nied by  sphalerite,  chalcopyrite,  pyrite,  and  sometimes  tetrahedrite. 
In  some  cases  the  silver  may  be  so  low  as  to  be  subordinate  in  impor- 
tance to  the  lead.  The  lodes  of  the  second  gi*oup  have  a  much  steeper 
dip,  the  average  being  probably  near  80°.  Their  ore  bodies  are  usu- 
ally more  regular  and  of  higher  grade.  Galena  is  still  the  most  promi- 
nent ore  mineral,  but  chalcopyrite  and  pyrite  are  generally  more 
abundant,  and  the  ore  may  carry  several  ounces  of  gold  per  ton. 
These  lodes  have  been  best  explored  toward  the  north,  where  some  of 
them  form  junctions  with  the  Silver  Lake  lode.  Several  of  them 
pin('h  and  die  out  in  a  few  small,  irregular  stringers  before  reaching 
this  fissure.  Others,  such  as  the  New  York  City  and  Royal  veins, 
reach  and  connect  with  the  master  lode.  The  general  relations  of  the 
lodes  of  the  two  groups  can  perhaps  be  best  understood  from  fig.  2, 
page  51,  which  is  a  generalized  and  diagrammatic  sketch  of  the  plan 
of  the  principal  fissures  exploited  in  the  Silver  Lake  and  Iowa  mines, 
on  the  west  side  of  Silver  Lake.  The  Silver  Lake  lode  is  fully  as  long 
again  as  shown.  It  has  been  exploited  on  the  northwest  through  the 
old  Nevada  mine  and  is  known  to  extend  into  the  head  of  Blair  Gulch. 
Toward  the  southeast  it  passes  under  the  lake  and  is  probably  con- 
tinuous with  the  lode  of  the  Royal  Tiger  mine.  Just  before  cross- 
ing the  southeast  rim  of  the  basin,  the  Tiger  lode  divides  into  two 
branches,  neither  of  which  has  been  traced  far  beyond  the  point  of 
divergence.  A  plat  of  the  princiiml  claims  of  Silver  Lake  Basin  and 
vicinity  is  shown  in  PI.  XIII. 

As  the  hxles  of  the  second  group  approach  the  junction  with  the 
Silver  Lake  vein  they  become  poor.  Their  courses  are  also  deflected 
toward  the  west,  as  indicated  in  the  sketch.  ITie  country  rock  in  the 
V  near  the  junction  is  usually  shattered  and  traversed  by  numerous 
quartz  stringers.  Some  of  these  are  irregular,  but  there  is  often 
noticeable  a  radiation  of  the  stringers  outward  from  the  angle  of  junc- 
tion. In  some  instances  a  breccia  Inis  resulted,  the  fragments  being 
cemented  by  quartz  and  themselves  altered  into  aggregates  of  quartz, 
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sericite,  and  other  secondaiy  i^rodiict^  by  the  action  of  the  vein  solu- 
tions. A  close  study  of  all  exposures  of  such  conjugations  of  the 
veins  of  the  two  groups  failed  to  show  any  evidence  of  different  age. 
The  filling  of  both  sets  of  veins  is  continuous,  as  it  would  be  in  syn- 
chronously filled  branches  of  a  single  fissure,  or  is  separated  by  a 
clay  gouge  due  to  subsequent  movement.  As  far  as  is  known,  there 
is  no  continuation  of  the  lodes  of  the  second  group  north  of  the  Silver 
Lake  lode.  A  single  small  vein  (the  Jim  Owen),  shown  in  fig.  2, 
has  been  prospected  for  a  short  distance  northward  from  the  Silver 
Lake  lode,  but  it  is  very  improbable  that  this  represents  the  continua- 
tion of  any  of  the  productive  lodes  south  of  the  latter.  If  the  Silver 
Lake  lode  were,  as  is  supiM)sed  by  the  miners,  j'ounger  than  the  lodes 
of  the  second  group,  the  absence  of  the  latter  on  the  northern  side  of 
the  intersecting  lode  could  be  accounted  for  only  on  the  assumption 
that  the  Silver  Lake  fissure  is  a  fault  of  at  least  2,500  feet  throw. 
The  entire  evidence  of  the  region,  however,  as  is  elsewhere  shown, 
indicates  that  the  fissures  now  occupied  by  productive  ore  bodies 
were  not  formed  by  large  faults,  but  on  the  contrary  often  reveal  no 
appreciable  displacement  of  their  w^alls. 

The  relation  of  the  lodes  of  the  second  group  to  the  great  TitusviUe 
lode  on  the  south  are  not  so  well  known  as  in  the  case  of  the  Silver 
Lake  lode  on  the  north.  The  lodes  in  this  portion  of  the  basin  are 
imperfectly^  exposed  and  have  received  very  little  underground 
exploration. 

The  ore  bodies  of  the  lodes  of  Group  II  have  not  been  worked  in 
such  a  manner  as  to  give  any  very  definite  data  as  to  their  dimensions 
and  shapes.  In  nearly  every  slope  considerable  masses  remain  which 
are  regaixied  as  pay  ore.  The  pay  shoots  are  supiK)sed  to  pitch  north- 
ward, but  it  is  by  no  means  certain  that  there  is  any  regularity  in 
their  pitch. 

In  addition  to  the  main  lodes  a  great  number  of  smaller  fissures 
traverse  the  country  rock,  particularly  west  of  the  lake.  The  strike 
of  th(»se  minor  veins  ranges  from  26°  to  40°  west  of  north.  They  are 
nearly  vertical,  but  one  group  of  them  sometimes  exhibits  a  steep 
northeasterly  dip,  while  anot  her  group  dips  southwesterl)'.  The  latter 
case  appeal's  to  Ije  more  eommou.  They  are  often  so  closely  spaced, 
a  few  feet  apart,  as  to  produce  a  conspicuous  sheeting  of  the  country 
rock.  This  spacing  does  not  exhil)it  any  regularity  or  recognizable 
rhythm  in  its  occurrence.  Many  of  these  fissures  are  ore  bearing, 
and  it  is  not  uncommon  to  see  on  a  clean  exposui*e  of  rock  a  stringer, 
an  inch  or  so  wide,  consisting  of  quartz  next  the  walls  and  solid  galena 
in  the  medial  portion.  Such  mineralized  stringers  can  be  seen  to 
branch  or  to  wedge  out  completely  in  the  rock  and  be  succeeded  by 
an  overlapping  stringer  a  short  distance  to  one  side.  On  a  small 
scale  they  repeat  the  phenomena  to  be  observed  underground  in  the 
larger  veins  of  the  second  group.  They  are  believed  to  belong  to  the 
same  system  and  to  have  been  formed  at  the  same  time  as  the  latter. 
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Although  the  lodes  of  the  Silver  Lake  Basin  have  been  classified  in 
two  groups,  it  should  be  borne  in  mind  that  the  distinctions  upon 
which  the  grouping  is  based  are  quantitative  rather  than  qualitative. 
The  difference  in  direction,  sufficiently'  marked  and  definite  on  the 
west  side  of  the  lake,  becomes  less  so  on  the  east  side,  where  the  Silver 
Lake  lode  appears  to  begin  splitting  up  into  it«  ultimate  ramifications. 
Moreover,  as  will  appear  when  the  separate  mines  are  descril>ed,  the 
general  difference  in  the  ores  of  the  two  groups  is  a  difference  in  value 
rather  than  in  mineralogical  type,  and  is  neither  constant  nor  without 
exceptions. 

It  is  fairly  certain  that  the  original  formation  of  the  fissures  of  Sil- 
ver Lake  Basin  was  unaccompanied  by  any  considerable  faulting.  A 
careful  study  of  all  the  available  underground  workings  and  of  the 
surface  geology  and  topography  of  the  basin  has  failed  to  reveal  the 
existence  of  any  extensive  tangential  movement  (faulting)  along  the 
vein  fissures.  Moreover,  if  the  mutual  relationship  of  the  lodes  has 
been  correctly  interpreted,  it  would  seem  that  the  conception,  very  com- 
monly held,  that  vein-filled  fissures  are  produced  essentially  by  fault- 
ing involving  considerable  tangential  movement,  and  usually  by  thrust 
faults,  is  inapplicable  as  an  explanation  in  the  present  case.  The 
more  general  aspects  of  this  subject  are  discussed  under  the  head  of 
**The  lode  fissures,"  on  pages  43-63. 

Silver  Lake  mine, — This,  the  most  extensively  developed  mine 
within  the  quadrangle,  is  situated  at  an  altitude  of  about  12,300  feet, 
with  its  principal  adit  near  the  western  edge  of  Silver  Lake.  As  is 
frequently  the  case,  it  includes  a  number  of  individual  claims,  some 
of  which,  such  as  the  Whale,  were  separately  worked  in  former  days 
and  produced  considerable  ore.  Prior  to  1881,  the  Whale,  Silver  Lake, 
Round  Mountain,  and  other  claims  now  embraced  in  the  Silver  Lake 
mine  had  attracted  but  slight  attention.  In  1882  a  little  ore  was  pro- 
duced, which  is  said  to  have  carried  50  ounces  of  silver  and  60  per 
cent  of  lead.  In  1883,  72  tons  of  ore,  containing  28  ounces  of  silver  per 
ton  and  55  per  cent  of  lead,  were  shipped  to  Sweet's  Sampling  Works  in 
Silverton,  and  the  Silver  Lake  claim,  with  its  55  feet  of  drifting,  was 
regarded  as  a  promising  prospect.  Since  then  its  development  has 
progressed  with  rapid  strides.  In  1891  the  mine  was  credited  in  the 
Mint  reports  with  a  product  of  1^254,908. 

At  least  six  distinct  lodes  have  been  worked,  and  the  vertical  dis- 
tance from  the  uppermost  to  the  lowermost  stopes  is  somewhat  over 
1,000  feet.  The  main  adit  is  a  crosscut  for  about  250  feet.  It  then 
follows  the  Silver  Lake  lode  northwesterly  for  about  1,000  feet. 
Thence  a  crosscut  to  the  southwest,  some  900  feet  in  length,  gives 
access  to  the  various  lodes  of  the  second  group,  viz,  the  L.  A.  S., 
E.  G.  S.,  Royal,  Stelzner,  and  New  York  City  lodes.  A  north west4M*ly 
drift  along  the  New  York  City  lode  for  about  1,250  feet  again  comes 
into  the  Silver  Lake  lode,  and  from  this  junction  a  drift  of  about  rKX) 
feet  runs  out  to  the  surface  in  Whale  Basin,  on  the  west  side  of 
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Round  Mountain.  In  addition,  the  Unity  tunnel,  ran  in  from  the 
S4^>uthwe8t  side  of  Arrastra  Gulch,  cuts  the  Silver  I^ke  and  New  York 
City  lodeft  T^K)  feet  l>elow  the  present  main  adit  level  (No.  1).  Still  a 
third  tunnel  i.s  being  run  in  a  southeasterly  direction  from  a  point 
near  the  Animas  River,  at  the  mouth  of  Blair  Gulch,  which  will,  if 
carried  through,  ultimately  tap  the  Silver  I^ke  lodes  at  the  lowest 
practicable  point,  over  2,500  feet  below  the  No.  1  level. 

There  are  no  abandoned  workings,  and  the  charact-er  and  relation- 
ships of  the  lodes  may  l>e  studied  under  more  than  usually  advan- 
tageous circumstances. 

The  Silver  I^ke  lo<le  as  expose<l  in  the  mine  has  a  general  strike 
of  N.  5lV'  W.  Its  dip  is  to  the  northeast  and  varies  from  50^  to  7Cf — 
the  flatter  dip  being  more  common  in  the  upi)er  workings.  The  aver- 
age dip  is  probably  a  little  over  OO^.  Its  croppings  are  conspicuous 
as  a  rust-colored  zone  of  oxidation  running  up  the  declivity  west  of 
the  lake  and  passing  through  the  col  just  south  of  Round  Mountain. 
At  this  point  they  have  an  apparent  width  of  about  40  feet  of  stained 
and  cellular  quartz  carrying  galena,  as  well  as  the  carbonate  and 
sulphate  of  lea<l.  Northwestward  from  this  saddle  the  lode,  different 
portions  of  which  are  known  as  the  Round  Mountain,  Lowville,  and 
Nevada  lodes,  crosses  Whah*  Basin  just  above  the  cliffs  of  Arrastra 
Gulch,  and  passes  through  another  saddle  into  the  head  of  Blair 
Gulch.  In  its  productive  i>ortions  the  Silver  Lake  lode  is  from  6  to  20 
feet  in  width.  Elsewhere  it  may  he  represented  by  a  strong  clay 
seam  or  gouge,  or  less  commonly  a  small  tight  vein.  The  filling  of 
the  fissure  is  quartz,  carrying  variable  amounts  of  galena,  sphalerite, 
chalcopyrite,  and  i)yrite.  No  regular  an*angement  of  the  ore  minerals 
within  the  ([uartz  could  1m»  det(»cted.  They  occur  in  irivgular  bunches 
in  all  portions  of  the  vein,  and  api)ear  to  be  the  result  of  a  single 
uninterrupted  process  of  dej)osition.  The  ore  Ixxlies,  also,  although 
often  of  considerable  size,  are  without  any  known  regularity  in  their 
distribution  through  the  hnle.  The  lM*st  ore  is  usually  found  in  the 
more  solid  [lortions  of  the  Icxle,  a  soft  lode  with  abundant  gouge  l)eing 
regarded  as  less  favorable.  The  on*  is  nearly  always  separated  from 
the  walls  by  more  or  less  goug<\  A  she(»ting  of  the  walls  parallel 
with  tlu^  main  fissure  is  not  infrequ(*nt,  and  where  it  occurs  careful 
prosjM'cting  is  necessary  to  avoid  ovei-looking  considerable  masses  of 
ore  which  nmy  be  lying  behind  what  appeai-s  at  the  time  to  be  the 
outer  wall  of  the  lode.  On  levels  1  and  A  the  most  productive  iwr- 
tion  of  the  Silver  Lake  lo<le  is  <llvi<h»d  into  two  branches  by  a  large 
hors«'  of  country  rock  t  raversiMl  by  stringers  of  quartz. 

In  th(»  levels  above  No.  1,  particularly  in  level  4,  the  Silver  Lake 
vein  is  fr(Miu(Mitly  a  soft  yellowish  mass  of  more  or  less  broken  quartz, 
decomposed  country  rock,  clay,  cerussite,  and  other  products  of  alter- 
ation. This  portion  of  the  lode  thus  shows  considerable  oxidation, 
parti<*ularly  when  there  is  evidence,  in  the  form  of  clay  seams  and 
crushing  of  the  quartz,  of  movement  since  the  deposition  of  the  ore. 
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An^lesit^  and  eenissite  were  found  associated  with  the  galena  in 
these  upper  levels,  but  never  formed  a  very  large  proportion  of  the 
ore,  of  which  the  important  bodies,  even  in  these  upper  workings, 
were  chiefly  galena. 

Movements  within  the  Silver  Lake  lode  subsequent  to  the  deposi- 
tion of  the  ore  may  be  conveniently  divided  into  four  classes,  (1) 
faults  cutting  the  lode  obliquely  and  at  a  considerable  angle  with  the 
horizontal;  (2)  strike  faults  essentially  parallel  with  the  lode;  (3) 
strike  faults  making  a  considerable  angle  with  the  plane  of  the  lode, 
and  (4)  irregular  fracturing.     Those  of  class  1  will  first  be  described. 

(1)  A  close  inspection  of  the  southwest  or  foot  wall  of  the  Silver  Lake 
vein  shows  that  it  is  cut  at  frequent  although  irregular  intervals  by  fis- 
sures, usually  of  small  width.  It  is  seldom  possible  in  such  cases  to 
determine  accurately  the  general  course  of  these  fissures.  Fissures  are 
never  geometrical  planes,  and  an  observation  made  on  a  fissure  exposed 
in  the  walls  of  a  drift  may  give  figures  differing  very  much  from  the 
general  or  average  course  of  the  dislocation.  The  observed  courses  of 
these  fissures  give  directions  varying  from  north  and  south  to  N.  5.5  "^  W. 
In  general,  they  appear  to  form  a  system  essentially  parallel  with  the 
productive  lodes  of  Group  II,  such  as  the  New  York  City  and  Royal. 
Their  dip  is  usually  to  the  southwest  at  a  high  angle  (over  70°),  but 
there  ryq  a  few  notable  exceptions.  The  fissures  var^'^  from  narrow 
cracks  up  to  openings  a  foot  wide.  In  a  few  cases  they  are  filled  witii 
solid  quartz,  carrying  a  little  ore.  These  last  are  not  known  to  cut 
the  Silv^er  Lake  lode.  They  are  probably  of  the  same  age  as  the  lat- 
t<»r  and  are  comparable,  in  all  respects  save  size,  with  such  veins  as 
the  E.  G.  S.  and  L.  A.  S.  of  Group  II.  Most  of  these  fissures,  how- 
ever, are  filled  with  a  clay  seam  or  gouge  of  varying  thickness,  some- 
times containing  broken  vein  quartz.  These  fissures  cut  through  the 
Silver  Lake  lode  and  are  therefore  younger.  The}'  record  disturbance 
sui)sequ(»nt  to  its  formation.  They  have  not  influence<l  the  productive- 
ness of  the  latter  to  any  known  ext^iut,  but  are  well  known  and  care- 
fully watched  by  the  miners  on  account  of  their  misleading  tendency. 
Experience  has  shown  that  a  miner,  on  running  upon  one  of  these  cross 
seams,  is  very  likely  to  follow  it  into  the  hanging  wall,  leaving, 
unknowingly,  the  main  lode  on  his  left.  The  presence  of  broken 
(juartz  mixed  with  the  gouge  of  these  seams  shows  that  in  some  cases 
th(\v  record  fresh  movement  along  preexisting  fissures  whi<*h  had 
become  filled  with  quartz.  The  actual  result  of  movement  along  these 
post-mineral  fractures  is  present  as  gouge,  but  the  net  displac(Mnent 
seems  to  have  i)e<Mi  always  small.  It  is  usually  impossible  to  detect  any 
actual  faulting  of  the  main  lode  where  crossed  by  these  later  fissures. 

On  Level  A,  southeast  <lrift,  a  set  of  fissures  occui-s  which,  while 
apparently  belonging  to  this  system,  are  of  unusually  flat  dip,  in  one 
case  as  low  as  ^o"".  Th(»  direction  of  <lip  is  easterly.  The  vein  itself 
is  very  irregular  south(»ast  of  the  first  of  these  faults  and  is  chiefly  a 
breccia  of  country  rock  cemented  by  cpiartz  and  low-grade  ore.     It  is 
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such  an  irro^iilarity  as  might  be  expected  near  the  lower  edge  of  the 
large  horse  which  divides  the  lode  on  this  level  and  the  one  above. 

(2)  Strike  faults,  essentially  parallel  with  the  lode,  are  more  con- 
spicuous in  the  case  of  the  Silver  Lake  than  in  the  other  lodes  of  the 
muu\  They  are  indicated  by  gouges,  often  of  considerable  thickness, 
on  foot  or  hanging-wall,  and  by  sheeting  of  the  country  rock  when 
accompanied  by  soft  gouge.  Their  effect  upon  the  lode  is  well  seen 
near  the  northwest  end  of  level  2,  where  there  is  a  pronounced  strike 
fault  on  the  hanging-wall  side  of  the  vein  associated  with  approxi- 
mately parallel  slips  within  the  country  rock  of  the  hanging  walL 
The  lode  here  is  crushed  and  contains  much  clayey  gouge.  The  char- 
acter and  amount  of  the  movement  could  not  be  determined  in  any 
case.  It  is  believed,  however,  to  have  been  in  the  main  oscillatory, 
with  but  little  net  displacement.  Had  it  been  otherwise  it  would  be 
very  difficult  to  account  for  the  present  relation  of  the  Silver  Lake 
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Fro.  11.— Sketch  8e<;tion  acroBS  the  Silver  Lake  lode  betwe<*n  levels  1  and  2,  showing  proliable 

faulting  of  the  lode  by  a  flat  Htrike  fault. 

lode  to  the  lodes  of  Group  II  and  for  the  absence  of  gouge  or  other  evi- 
dence of  recent  movement  in  certain  portions  of  the  former  lode. 

(3)  Strike  faults  making  a  considerable  angle  with  the  plane  of  the 
lode  are  not  common  on  the  Silver  Lake  lode.  The  best  example  of 
this  form  of  dislocation  wa^s  noted  in  a  large  stope  between  levels  1 
and  2.  The  fault  here  is  nearly  horizontal  and  cuts  both  branches  of 
the  Silver  Lake  lode  near  the  apex  of  tlie  horse  which  divides  them. 
The  dislocation  is  a  thrust  fault  with  about  12  feet  throw.  The 
character  of  the  fault  and  its  result  upon  the  ore  body  ai'e  shown  by  the 
accoini)anying  sketch  section  across  the  stope  (fig.  11).  This  fault 
appears  to  die  out  within  a  comparatively  short  distance  to  the  south- 
west, as  it  was  not  noted  on  the  stopes  of  the  Royal  and  Stelzner  lodes. 

(4)  Trregnlar  fracturing  of  the  lode  includes  those  minor  disloca- 
tions which  it  has  not  been  found  possible  to  group  according  to  anj'^ 
prevailing  regularity  of  <lirection.  They  are  often  directly  connected 
with  the  more  regular  fissures  and  are  of  small  importance. 
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The  ore  of  the  Silver  Lake  lode  is  low  grade,  carrying  very  little 
gold.  Although  it  has  been  extensively  stoped  in  the  past,  the  main 
output  of  tlie  mine  is  from  the  lodes  of  the  second  group. 

The  New  York  City  vein  (or  Whale-Rochester  vein)  is  the  most 
important  of  these,  from  the  ext-ent,  regularity,  and  comparatively 
high  grade  of  its  ore  body.  Its  general  strike  is  about  N.  20°  W., 
and  its  average  dip  is  about  80°  to  the  northeast.  As  to  the  Whale- 
Rochest^ir  vein,  its  upper  portions  were  formerly  extensively  worked 
through  an  adit  in  Whale  Basin.  In  the  Silver  Lake  mine  it  has  been 
worked  through  levels  1  and  C,  300  feet  apart,  and  by  means  of  an 
intermediate  level  halfway  between  them.  This  lode  is  generally 
smaller  than  the  Silver  Lake,  and  has  been  less  disturbed  by  post- 
mineral  movement.  The  ore  is  generally  fast,  or  frozen,  to  the  walls, 
and  is  usually  solid  and  unoxidized.  In  common  with  the  other  lodes 
of  Group  II  the  New  York  sometimes  pinches  to  a  very  narrow  and 
tight  seam.  This  is  well  illustrated  at  the  point  where  it  is  inter- 
sected by  the  crosscut  on  level  C.  It  is  here  a  stringer  less  than 
an  inch  in  width,  showing  little  indication  of  being  part  of  a  great 
productive  vein.  The  chief  value  of  the  New  York  City  vein  has 
l)een  found  to  lie  northwest  of  the  points  where  it  is  pierced  by  the 
crosscuts  on  levels  1  and  C.  In  this  direction  it  is  stoped  practi- 
cally continuously  up  to  the  Silver  Lake  lode,  A  typical  section  of 
the  lode  from  the  stope  above  level  1  is  shown  in  fig.  3,  page  67.  As 
it  approaches  the  Silver  Lake  lode  it  becomes  smaller  and  more  in'egu- 
lar,  and  bends  westward.  It  is  also  somewhat  oxidized  and  stained. 
At  the  junction  it  passes  into  the  Silver  Lake  with  no  other  lines  of 
separation  than  those  due  to  later  movement,  and  is  usually  defined 
by  seams  of  gouge.  From  the  point  of  junction  westward  the  ore  of 
the  Silver  Lake  vein  contains  more  chalcopyrite  than  is  usual  else- 
where, and  thus  resembles  somewhat  the  ore  of  the  New  York  City 
vein.  The  productive  portion  of  the  New  York  City  vein  is  cut  by  a 
fault  about  750  feet  south  of  its  junction  with  the  Silver  Lake  vein. 
The  strike  of  this  fault  is  apimrently  about  N.  73°  E.,  and  it  hades 
northerly  about  15°.  It  has  thrown  the  northern  portion  of  the  lode 
from  12  to  15  feet  to  the  west.  This  fault  was  best  seen  in  the  stope 
al)ove  the  midway  level.  Here  the  vein  is  cut  off  abruptly  by  a 
breccia  zone  about  0  feet  wide  which  crosses  the  stope.  The  breccia 
is  composed  of  sharply  angular  fragments  of  country  rock  cemented 
by  quartz,  which  carries  a  little  ore,  but  is  of  too  low  grade  to  pay. 
Within  the  bn^ccia  zone  an*  two  or  tliree  fairl}'  regular  quartz  string- 
ers. This  occurrence  is  of  special  interest  as  showing  that  the  depo- 
sition of  quartz  and  ore  was  not  confined  to  the  period  within  which 
the  important  hnles  were  filled,  but  also  took  plac(»  at  a  later  time. 
On  the  other  hand,  it  seems  very  probable  that  this  fault  is  older 
than  the  faults  usually  filled  with  soft,  moist  gouge,  which  have  been 
described  in  connection  with  the  Silver  Lake  vein.     South  of  the 
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crosscuts  the  New  York  City  lode  has  proved  of  little  value.  This 
portion  of  it  has  obviously'  been  subjected  to  strong  disturbance  con- 
nected with  a  pronounced  zone  of  post-mineral  faulting.  This  fault 
appears  to  have  a  general  north-and-south  strike,  and  hades  to  the 
east  about  20°.  Where  it  is  cut  by  the  crosscut  on  level  1,  about 
140  feet  east  of  the  New  York  vein,  it  shows  a  zone  of  broken  and 
disturbed  country  rock  about  12  feet  wide,  with  a  strong  gouge  on 
the  hanging  wall.  This  zone  of  disturbance  appears  to  intersect  the 
New  York  City  lode  about  200  feet  south  of  the  crosscut.  The  lode 
and  the  adjacent  country  rock  have  l)een  broken  up,  and  the  value 
of  the  former  has  been  destroyed.  Tiie  country  rock  is  traversed  by 
seams  of  soft,  moist  gouge,  in  general  parallel  with  the  line  of  the 
fault,  but  often  showing  considerable  irregularity.  Small  bunches 
and  stringers  of  ore  are  found,  but  they  are  not  continuous.  On 
level  C  what  is  supposed  to  be  the  same  fault  crosses  the  crosscut 
about  330  feet  east  of  the  New  York  lode.  It  is  here  less  than  0  feet 
wide,  and  is  composed  of  broken,  decomposed  country  rock  and  wet 
clay  gouge.  As  on  level  1,  the  New  York  lode  has  so  far  proved 
worthless  south  of  the  cmsscut.  The  New  York  lode,  probably 
originally  somewhat  irregular  south  of  the  crosscut,  has  been  dis- 
located by  a  fault  cutting  it  at  a  small  angle  and  thus  pixxiucing 
somewhat  the  effect  of  'a  strike  fault  parallel  with  the  vein.  The 
direction  and  amount  of  movement  along  this  fault  are  not  known. 
Some  light  may  l>e  thrown  on  it  when  the  Silver  Lake  lode,  which  it 
should  cut,  is  more  thoi'oughly  opened  up.  If  any  undisturbed  ore 
bodies  exist  in  the  southern  part  of  the  New  York  lode  they  probably 
lie  east  of  the  present  south  drift  on  level  1. 

In  the  autumn  of  1899  the  crosscut  driven  to  cut  the  New  York  lode 
from  the  Unit}'  tunnel,  400  feet  below  level  C,  had  overshot  its  objec- 
tive, and  upon  searching  back  the  New  York  was  found  at  the  begin- 
ning of  the  crosscut  near  the  Silver  Lake  lode.  This  was  ojiened  by 
a  short  drift  and  found  to  carry  a  body  of  excellent  ore  similar  to 
that  of  tlie  upper  levels. 

The  ore  of  the  New  York  City  lode  consists  of  galena,  sphalerite, 
chalcopyrite,  and  pyrite  in  a  quartz  gangue.  Some  of  the  ncliest  ore 
occurs  in  a  rather  friable  stringer  near  the  foot  wall,  which  contains 
black  oxide  of  copper  (melaconite),  with  considerable  chalcopyrite  and 
pyrite.  This  may  carry  several  ounces  in  gold,  although  free  gold  is 
very  rarely  seen.  It  is  worth  noting  that  the  melaconite  is  found  in 
the  deepest  workings,  level  C,  at  least  700  feet  below  the  surface. 

The  Stelzner  and  Royal  veins  resemble  in  their  general  characters 
the  New  York  City.  The  course  of  the  Stelzner  is  rather  curving  and 
irregular,  but  may  be  generalized  as  about  N.  20°  W.  That  of  the 
Royal  is  about  N.  35°  \V.  It  thus  nearly  bisects  the  angle  between 
the  Stelzner  and  Silver  Lake  and  illustrates  the  essentially  radial 
character  of  the  whole  group  of  lodes.     This  feature  is  still  further 
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brought  out  hy  the  fact  that  the  Stelzner  and  the  Royal  with  its  two 
branches,  called  the  right-hand  and  left-hand  Royals,  are,  in  the  lower 
levels,  all  ramifications  of  a  single  vein,  which  in  turn  is  a  branch  of 
the  Silver  Lake  lode.  Both  the  Royal  and  the  Stelzner  veins  dip  to 
the  northeast.  The  Roj^al  is  very  nearly  vertical,  while  the  Stelzner 
has  an  average  dip  of  75°  to  80^.  Consequently  the  line  in  which  the 
two  lodes  join  pitches  southeastward.  On  the  other  hand,  the  much 
flatter  dip  of  the  Silver  Lake  lode  causes  the  lines  of  junction  between 
it  and  the  veins  of  Group  II  to  pitxjh  to  the  northwest.  As  a  result  of 
these  conditions  the  Stelzner  and  Roj^al  join  the  Silver  Lake  on  level  4 
as  separate  veins.  On  level  3  the  Stelzner,  Royal,  and  Silver  Lake 
lodes  all  come  together  at  about  the  same  point.  On  level  1,  however, 
the  two  veins  unite  about  200  feet  before  they  join  the  Silver  Lake  lode 
as  a  single  vein.  The  junction  of  the  Royal-Stelzner  vein  with  the 
Silver  Lake  is  similar  to  that  described  in  the  case  of  the  New  York 
lode.  On  level  2,  at  the  point  where  the  two  veins  come  together,  no 
cla}"  seam  could  be  seen  separating  them,  although  a  little  farther 
northwest  the  Silver  Lake  lode  shows  well-marked  seams  of  soft,  wet 
gouge  on  foot  and  hanging  walls.  At  the  junction  there  is  much 
brecciated  country  rock,  cemented  by  quartz  which  is  full  of  small 
vugs. 

On  level  B,  north  drift,  the  combined  Royal-Stelzner  vein  has  been 
stoped  for  about  400  feet,  to  a  point  where  the  lode  diminishes  to  a  small 
stringer.  A  short  crosscut  to  the  west,  however,  discovered  the  con- 
tinuation of  the  lode.  There  is  apparentl}'  no  fault  at  this  point. 
The  lode  has  merely  pinched  out  and  is  succeeded  by  a  slightly  over- 
lapping parallel  fissure  in  the  manner  already  described. 

The  productive  portions  of  the  Stelzner  vein  are  sometimes  10  or  12 
feet  in  width.  The  Royal  is  usually  somewhat  narrower.  The  ore  in 
both  veins  is  usually  solid  and  not  accompanied  by  any  considerable 
gouge.  Post-mineral  movement  along  the  fissures  is  not,  however, 
wholly  lacking,  and  is  best  seen  where  the  veins  pinch  to  very  narrow 
dimensions.  As  usual,  in  this  mine  the  country  rock  near  the  veins 
has  not  undergone  au}'^  alteration  which  can  be  recognized  by  the  eye 
as  evident  and  characteristic.  The  ore  of  the  Stelzner  and  Royal 
veins  consists  of  abundant  galena,  with  sphalerite,  chalcopyrite,  and 
pyrite  in  a  gangue  of  quartz.  A  little  dolomite  occui*s  in  the  vein, 
usually  associated  with  included  fragments  of  country  rock.  The 
quartz  also  shows  greenish  patches  of  chlorite,  which  are  regarded  as 
an  indication  of  good  ore.  Chalcopyrite  is  less  abundant  than  in  the 
New  York  vein.  The  ore  may  carry  2  or  3  ounces  of  gold  and  is  of 
higher  grade  than  that  of  the  Silver  Lake  lode,  although  somewhat 
inferior  as  a  whole  to  the  ore  of  the  New  York  vein. 

The  E.  (t.  S.  is  a  small  vein  approximately  parallel  with  the  Royal 
and  l3"ing  about  60  feet  to  the  northeast  of  it.  In  its  general  charac- 
ter it  resembles  the  Stelzner  and  Ro3'al,  but  is  smaller.     Its  junction 


156         ECONOMIC   GEOLOGY  OF   8ILVERT0N   QUADRANGLE.     [BUULKfii 

with  the  Silver  Lake  can  be  seen  on  level  2.  At  the  junction  the 
quartz  of  the  two  lodes  is  separated  by  a  narrow  seam  of  gou^e. 
Together  they  constitute  a  solid  vein  of  low-grade  ore  about  10  feet 
wide.  The  E.  G.  S.  has  contained  some  of  the  richest  pockets  of  ore 
encoiint<3red  in  the  mine,  but  its  value  falls  off,  like  the  other  veins  of 
Group  II,  as  it  approaches  the  Silver  Lake.  The  L.  A.  S.  is  another  simi- 
lar small  vein,  which  was  not  worth  working  until  level  B  whs  reached. 
It  illustrates  the  fact,  thus  far  exemplified  in  this  mine,  that  the  small 
veins  of  (xroup  II  may  prove  more  valuable  and  have  longer  ore 
bodies  as  they  are  worked  downwai'd  and  as  their  junctions  with  the 
Silver  Lake  are  (carried  farther  and  farther  to  the  northeast  on  account 
of  the  relatively  flat  dip  of  the  latter  lode. 

The  Silver  Lake  mine  is  worked  by  overhand  stoping,  the  ore  being 
broken  down  onto  canvas,  and  the  stopes  are  filled  with  waste  as  the 
work  is  carried  up.  Siemens  and  Halske  electric  drills  are  used  in  most 
of  the  stopes.  They  are  portable  and  convenient,  but  somewhat  too 
lightly  constructed  for  the  work  required  of  them.  The  ore  from  the 
various  levels  is  all  dumped  into  bins  at  the  central  station  on  level  1, 
that  from  the  lower  levels  being  raised  through  a  vertical  shaft  by  a 
cage  and  an  electric  hoist.  From  the  central  station  the  ore  is  drawn 
out  in  trains  of  cars  by  mules  to  the  mill  at  the  mouth  of  the  adit. 

At  the  mill  it  is  sorted,  the  larger  and  heavier  pieces  of  nearly  solid 
ore  being  sent  down  the  tramway  as  crude,  or  shipping,  ore.  The 
equipment  of  the  mill  is  2  Blake  crushers,  50  stamps,  4  sets  of  rolls,  10 
Wilfley  tables,  8  Ilartz  jigs,  8  Woodbury  tables,  and  18  "end-shake" 
slime  tables.  Power  is  furnished  by  three  lOO-horsepower  l)oilers  and 
a  150-horsepower  engine,  and  the  mill  has  a  daily  capacity  of  about 
200  tons.  The  water  for  milling  is  pumped  from  the  lake,  into  which 
the  tailings  are  allowed  to  run  at  another  point.  A  new  mill  is  now 
in  progress  of  erection  on  the  Animas  River,  at  the  lower  terminal  of 
the  tramway. 

As  already  stat^,  the  ore  of  the  mine  is  low  grade.  Ore  running 
$10  a  ton  can  l>e  worked,  but  even  *S  ore  is  often  run  through  the 
mill  with  the  better  grades.  About  half  the  total  value  of  the  output 
is  in  gold,  the  rest  being  in  silver,  lead,  and  copper.  Free  tfold  is 
very  rarely  seen,  and  no  attempt  is  made  at  amalgamation.  The  con- 
centrates are  said  to  average  about  §45  per  ton.  The  crude  ore  and 
concentrates  are  carried  down  from  the  mill  on  a  substantially 
constructed  Hleichert  tramway  to  a  large  terminal  station  near  the 
mouth  of  Arrastra  Gulch,  furnished  with  capacious  bins.  From 
th(»se  bins  the  ore  is  loaded  directly  onto  the  railroad  cars.  Asec^md 
tramway  from  the  Unity  tunm*!  was  completed  in  ()ctol>er,  1900,  and 
will  s<K)n  handle  the  bulk  of  the  ore. 

l\)W<»r  for  hoisting,  pumping,  and  lighting  the  mine  and  buildings 
is  generated  by  dynamos  run  by  two  Pelton  waterwheels  located  on 
th<»  Animas  opposite  the  mouth  of  Boulder  Gulch,  the  water  for  this 
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purpose  being  taken  from  the  Auiinas  River  just  below  Howardsville. 
In  19rK)  a  substantial  plant  was  also  being  installed  at  the  same  placjo 
for  generating  power  by  steam. 

loica  mine, — The  Iowa  mine  also  lies  on  the  west  side  of  Silver 
Lake  and  joins  the  Silver  Lake  property  on  the  south.  A  prospect 
in  1881,  its  growth  has,  in  a  general  way,  followed  that  of  its  larger 
neighbor.  The  principal  development  has  been  on  the  Iowa,  East 
Iowa,  Stelzner,  and  Melville  lodes.  The  last  is  probably  continuous 
with  the  Black  Diamond-Royal  lode,  but  has  not  proved  profitable  in 
the  Iowa  mine,  as  it  has  in  the  Silver  Lake  ground.  Practically  all  of 
thestopinghas  been  on  the  Iowa,  East  Iowa,  and  Stelzner  lodes.  The 
relation  of  these  three  lodes,  as  shown  in  fig.  2  (p.  51),  illustrates  admi- 
rably the  arrangement  of  veins  en  echelon,  as  observed  in  the  small 
ore-bearing  stringers  on  the  surface.  The  Stelzner  lode  becomes 
small  and  poor  at  its  southern  end  and  is  succeeded  on  the  west  by 
the  overlapping  East  Iowa  lode,  which  in  turn  is  similarlj^  succeeded 
by  the  Iowa  lode.  The  Iowa  and  East  Iowa  lodes  can  be  seen  to  die 
out  in  a  few  small  stringers  toward  the  north.  That  they  actually 
terminate  as  individual  lodes  and  do  not  open  out  again  still  farther 
northwest  is  shown  by  the  fact  that  no  lodes  corresponding  to  them 
have  been  found  in  the  two  long  crosscuts  to  the  New  York  vein  in 
the  Silver  Lake  mine.  Similarly,  any  southeasterly  extension  of  the 
Stelzner  and  East  Iowa  should  have  been  noted  in  the  crosscuts  of 
the  Iowa  workings.  A  lode  plan  such  as  is  here  describecl  is  not 
consistent  with  any  extensive  faulting  along  the  lines  of  the  fissures. 

The  Iowa  has  been  worked  on  four  levels,  connecting  with  the  sur- 
face by  adit  tunnels.  They  are  numbered  from  above  down.  Work 
at  present  is  confined  to  levels  3  and  4.  The  distance  between  levels 
is  not  uniform.  Thus  from  level  1  to  level  2. is  100  feet;  from  level  2 
to  level  3,  200  feet;  and  from  level  3  to  level  4,  130  feet. 

The  best  ore  in  the  mine  occurs  in  the  Stelzner  vein  and  is  identical 
with  that  already  described  in  the  Silver  Lake  workings.  It  may 
carry  2  or  3  ounces  of  gold.  The  ore  of  the  Iowa  and  East  Iowa  lodes 
is  a  heavy  lead  ore  carrying  little  gold,  and  resembling  the  ore  of  the 
Silver  Lake  lode  more  than  is  usual  in  the  veins  of  the  second  group. 

The  main  Iowa  vein  varies  in  width  in  its  productive  portions  up 
to  15  feet.  It  is  commonly  l)etween  2  and  5  feet  wide.  It  dips  steeply 
to  the  northeast,  the  average  angle  teing  near  80°.  It  is  a  generally 
simple  and  i-egular  fissure  vein,  with  well-defined  walls.  At  its  best 
it  consists  of  nearly  solid  galena,  with  some  quartz,  chalcopyrite, 
sphalerite,  pyrite,  and  chlorite.  Comb  structure  is  occasionally 
shown  in  the  quartzose  portions  of  the  vein,  and  irregular  vugs  occur 
lined  witli  crystals  of  quartz  and  galena.  The  galena  sometimes 
occurs  chiefly  in  the  middle  portion  of  the  vein,  as  if  it  were  of  later 
ery.stiiUization  than  the  quartz.  In  many  cases,  however,  it  is  scat- 
tei^ed  through  tlie  vein  in  bunches  without  any  apparent  regularity* 
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The  vein  filling  is  solid  and  shows  very  little  trace  of  movement  sub- 
sequent to  the  deposition  of  the  ore.  It  generally  lies  close  against 
the  walls  of  the  fissure,  with  little  or  no  gouge.  As  in  the  Silver  Lake 
mine,  the  wall  rock  does  not,  as  a  rule,  exhibit  any  very  marked  altera- 
tion close  to  the  vein.  The  microscope  shows,  however,  in  the  rock 
alongside  the  vein  a  thorough  recrystallization  of  the  original  rock 
constituents  into  aggregates  of  quartz  and  sericite,  with  some  calcite 
and  specks  of  pyrite.  A  specimen  10  inches  from  the  vein  shows 
similar  alterations,  but  with  more  calcite  and  abundant  chlorite.  The 
same  general  character  of  alteration  is  found  2  feet  from  the  vein.  At 
50  feet  from  the  vein  quartz,  chlorite,  and  calcite  make  up  most  of 
the  rock,  in  which  traces  of  the  original  structure  remain,  and  the 
sericite  is  confined  chiefly  to  the  altered  feldspar  phenocrystjs. 

The  Stelzner  lode  presents  the  same  characteristics  in  the  Iowa  mine 
as  in  the  Silver  Lake.  It  is  a  nearly  solid,  simple  vein,  showing  as 
much  as  8  feet  of  excellent  ore  in  the  stopes.  There  is  usually  no 
gouge  between  the  vein  filling  and  the  walls. 

The  East  Iowa  vein  has  not  proved  of  very  great  importance.  It 
has  been  stoped  for  a  distance  of  over  100  feet,  but  presents  no  features 
of  special  interest. 

The  Melville  lode  is  chiefl}'  notable  from  the  fact  that  in  its  south- 
ern i)ortion  it  dips  to  the  southwest  at  from  70°  to  75°.  It  carries 
galena,  sphalerite,  chalcopyrite,  and  pyrite  in  a  gangue  of  quartz, 
with  a  little  barite.  It  varies  in  width,  being  in  some  places  as  much 
as  4  feet  wide.  The  ore  is  too  poor  to  work.  Northward  this  vein 
beconu\s  irregular  and  in  places  is  a  nearly  vertical  fissure  containing 
some  gouge,  but  no  quartz.  It  finally  dies  out  in  a  few  barren  string- 
ers. Although  in  general  line  with  the  Black  Diamond-Royal  lode,  it 
is  by  no  means  certain  -that  it  occupies  the  same  fissure.  The  low 
grade  of  its  ore  and  its  westerly  dip,  contrasted  with  the  good  ore  and 
steep  easterly  dip  of^the  Royal,  seem  rather  to  indicate  that  it  is  an 
overlapping  fissure,  tearing  a  similar  relation  to  the  Royal  that  the 
East  Iowa  does  to  the  Stelzner. 

Regular  parallel  fissuring  of  the  country  rock,  the  fissures  being 
usually  filled  by  stringers  of  quartz  and  ore,  is  even  more  conspicuous 
in  the  low^a  than  in  the  Silver  Lake  mine.  As  in  the  latter  mine, 
these  fissures  are  apparently  minor  I'esults  of  the  same  forces  that 
produced  the  productive  veins  of  Group  II,  seeming,  in  fact,  to  belong 
to  that  group.  In  the  Iowa  these  fissures  usually  dip  very  steeply  to 
the  southwest. 

Generally  the  lodes  in  the  Iowa  arc  very  regular  in  their  productive 
portions,  having  comparatively  few  horses.  The  ore  is  confined 
within  the  fissure  walls.  The  disturbance  and  movement  which  lias 
taken  place  since  the  veins  were  formed  is  scarcely  appreciable. 
Tetrahedrite  is  reported  as  occurring  in  the  Iowa  workings,  but  none 
was  seen  at  the  time  of  visit. 
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The  Iowa  oi-e  is  carried  on  a  Bleichert  tramway,  built  in  1897,  down 
to  a  mill  situated  in  AiTastra  Gulch,  about  a  mile  from  its  mouth.  In 
1899  an  additional  tramway  was  built  from  the  mill  to  the  railroad, 
on  the  Animas  River.  As  a  whole  the  ore  is  of  low  grade,  averaging 
from  $10  to  $14  a  ton,  and  carrying  a  lai'ge  proportion  of  lead.  The 
mill  is  equipped  with  1  9  by  15  Blake  crusher,  2  sets  14  by  27  rolls,  7 
^^-compartment  jigs,  2  5-foot  Iluntingtons,  1  5-foot  Chilian  mill,  and 
5  Wilfley  and  8  Cammett  tables.  The  power  is  steam,  and  the  daily 
capacity  of  the  mill  is  given  as  from  175  to  200  tons  of  crude  ore. 

Royal  Tiger  mine. — This  property,  which  is  in  the  early  stages  of 
development,  is  on  the  east  side  of  Silver  Lake,  and  is  supposed  lo  be 
on  the  continuation  of  the  Silver  Lake  lode.  This,  indeed,  seems 
probable,  although  it  is  by  no  means  certain,  as  there  are  too  many 
nearly  parallel  veins  in  this  vicinity  to  permit  offhand  correlation 
across  the  width  of  the  lake.  The  Tiger  lode,  moreover,  presents 
several  charactei-s  foreign  to  the  Silver  Lake  lode  as  exploited  on  the 
west  side  of  the  lake,  and  may  fill  an  overlapping  fissure  nearly  in  line 
with  the  latter.  The  main  adit  is  a  crosscut  at  an  elevation  of  135 
feet  above  the  lake,  and  the  levels  are  numbered  from  this  upward. 
A  little  stoping  has  been  done  on  level  4,  but  the  bulk  of  the  work 
hjiH  been  on  levels  2  and  3. 

The  lode  dips  steeply  northeast,  the  average  being  nearly  80"". 
Locallj',  however,  it  may  sometimes  have  a  steep  southwesterly  dip, 
as  on  level  2,  about  400  feet  from  the  entrance  of  the  tunnel.  The 
width  of  the  lode  varies  up  to  about  10  feet.  It  is  usually  fairly 
regular,  but  sometimes  pinches  for  considerable  distances,  showing 
crushed  roc*k  accompanied  by  gouge,  but  very  little  ore.  Near  the 
entrance  to  level  2  the  lode  is  divided  by  a  horee  30  or  40  feet  in  width. 
Both  branches  of  the  lode  come  together  in  the  stope  above  this  level, 
whei*e  the  lode  shows  about  19  feet  of  low-grade  milling  ore.  It  here 
takes  on  the  character  of  a  stringer  lead,  consisting  of  a  network  of 
stringers  with  much  shattered  countrj'  rock.  The  lode  in  this  stoi)e 
shows  no  gouge  and  no  regular  walls,  the  stringers  running  out  irregu- 
larly into  the  countrj'^  rock.  Some  of  the  oi"e-bearing  stringers  were 
faulte<l  by  later  stringers  of  barren  quartz.  Small  vv.gs,  lined  with 
quartz  crystals,  are  frequent.  The  Tiger  kxle  is  frequently  free  from 
gouge  and  oft^n  without  well-defined  walls.  In  such  cases  the  coun- 
try rock  near  the  lode  is  intersected  by  stringers  and  ma^'  (^arry 
bunches  of  ore.  In  other  places  there  may  be  day  gouge  on  foot  or 
hanging  wall,  or  both,  and  even  within  the  lode  itself.  Thus,  move- 
ment subsequent  to  deposition  of  the  ore  has  affected  s(mie  i)ortions 
of  the  lode,  but  not  others. 

The  mine  produces  essentially  a  lead  ore  carrying  from  20  to  60  per 
cent  lead,  rarely  more  than  12  ounces  of  silver,  and  occasionally  a 
little  gold — up  to  half  an  ounce.  One  specimen  of  free  gold  has  been 
found.     The    gold   usually   occurs  associated   with    sphalerite   and 
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chalcopyriti*.  Tlio  i»hief  ore  mineral  is  i^aleiia,  which  is  accompanied 
by  sphalerite  and  a  little  tetrahedritc  and  chalcopyriie.  The  tetrahe- 
drite  was  most  abundamt'  in  level  0,  near  the  top  of  the  ridge.  It  occurs 
in  the  lower  levels,  but  less  abundantly.  The  gangue  of  the  ore  is 
quartz  with  some  barit4».  The  quartz  and  galena  are  crystallized 
together  irregularly  in  the  larger  stringere  and  in  the  main  lode.  A 
little  native  copper  has  l>een  found  on  level  3.  The  alteration  of  the 
wall  r<Ktk  a<ljacent  to  the  lo<le  is  somewhat  more  notioeable  in  the 
Tiger  than  in  the  oth(»r  mines  of  the  Silver  Lake  Basin.  A  si>eciineii 
from  the  south  wall  of  level  3,  about  3  feet  from  the  main  ore  body, 
is  a  compact,  light  grcM3nish-gray  rock,  showing  indistinct  traces  of 
former  jwrphyritic  structure.  It  is  traverw^d  by  numerous  veinlets. 
The  largest  of  these,  about  one-fourth  inch  wide,  carries  quartz,  galena, 
and  sphalerit<.».  This  veinlet  shows  comb  structure,  and  the  ore  min- 
erals tend  to  crystallize  along  the  medial  line.  Smaller  veinlets  con- 
sist of  galena  without  cjuartz.  The  rock  itself  is  thickly  speckled  with 
minute  crystals  of  i)yrito.  Under  the  microscoi>e  the  rock  shows  the 
general  structure  of  an  andesite,  but  no  i^emnant  of  the  original  min- 
erals remains.  The  feldspars  are  changed  to  aggi*egates  of  quartz 
and  sericite,  and  tht»  same  minerals,  very  finely  crystalline,  seem  t4> 
compose  the  entire  mass  of  the  rock,  exclusive  of  the  thickly  sprinkleil 
pyrite. 

In  the  bivast  of  the  drift,  level  4,  the  lode,  which  is  about  4  feet 
wide,  contains  a  dark  horse-like  nuiss.  This  is  said  to  have  l)een  4 
feet  wide  in  places  and  to  carry  1  to  2  ounces  in  gold.  This  material 
shows  numerous  white  siK)ts,  which  suggest  altei'ed  feldspathic  pheuo- 
crysts,  lying  in  a  dark-gray  groundmass.  The  whole  is  mineralize<l, 
and  contains  si)ecks  of  galena,  splmlerite,  chalcx)pyrite,  and  finely 
crystiilline  pyrite.  Under  the  microscope  fragments  showing  the 
struct  u re  of  an  andesitic  rock  are  seen  embedded  in  a  matrix  of  quartz 
and  a  very  finely  crystalline  material,  which  is  apparently  kaolin, 
although  there  seeuis  to  be  scmie  sericite  pi'esent  also.  The  andesite 
fragments  are  altennl  to  aggregates  of  tliese  same  minerals,  but  pre- 
serve their  original  i>ori)hyritic  structure.  The  material  is  a  much 
altcn^d  and  mineralized  breccia,  but  whether  an  original  tuflf-breccia 
or  a  breccia  formed  during  the*  foruiation  of  the  fissure  it  is  impossible 
to  say.  TIk»  lode  at  this  point  shows  indications  of  some  breeciatiou 
of  the  ore  and  subsequent  cementation  by  ]mri*en  white  quartz. 

Tile  Koyal  Tiger  mine  has  not  yet  a  separate  mill.  It  is  connected 
with  the  Iowa  mine  by  a  wire  tram  acM-oss  tlie  lake,  and  the  ore  is  sent 
down  to  the  Iowa  mill.  Although  extensive  work  had  barely  begun 
in  isii<j,  in  liiuO  the  Royal  Tiger  was  ])roducing  more  ore  than  the 
Iowa. 

Buck'f  ye  mine, — This  mine,  situated  about  (me-third  of  a  mile  south 
of  lh<»  lake,  is  on  the  Titusville  lo<le.  Work  on  it  was  abandoned 
some   years  ago,  but  the  old   tunnels  w<»re  being  cleaned  out  and 
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reopened  in  1800.  The  ore  is  chiefly  galena,  with  some  tetrahedrite, 
the  latter  being  more  abundant  in  the  upper  tunnel.  There  is  no 
mill  at  this  mine,  and  the  ore  was  formerly  pa(?ked  out  on  burros. 

TiiuHvUk  nilne,  at  the  head  of  Kendall  Gulch,  altliough  not  in  Sil- 
ver Lake  Hasin,  may  be  most  appropriately  mentioned  hei'e  as  being  on 
the  same  great  lode  as  the  Buckeye.  This  mine  was  first  worked  about 
18S0.  A  small  mill  was  subsequently  erected  in  Kendall  Gulch,  and 
the  ore  was  carried  down  on  a  lightly  constructed  Huson  tramway 
about  8,0(K)  feet  in  length.  The  mine  ceased  operating  in  1803.  It 
was  developed  on  four  levels,  aggregating  about  1,150  feet  of  drifts. 
The  lode  is  about  30  feet  wide.  Its  general  dip  is  to  the  northeast  at 
about  80°,  although  it  is  locally  vertical.  It  consists  of  chalcopyrite, 
galena,  sphalerite,  and  pyrite,  in  a  gangue  of  quartz  and  rhodochro- 
site.  Chalcopyrite  is  the  most  abundant  ore  mineral.  The  ore  is  gen- 
erally of  low  grade,  that  containing  abundant  chalcopyrite  running 
about  ^G  i)er  ton.  There  is  a  richer  streak,  however,  usually  about  14 
inches  wide,  which  may  run  as  high  as  $30  per  ton.  Some  of  this 
richer  ore  contains  very  finely  crystalline  galena  scattered  through 
the  quartz  in  minute  particles.  Where  this  occurs  the  ore  may  carry 
from  1  to  3  ounces  of  gold  and  60  to  100  ounces  of  silver  per  ton, 
the  value  being  associated  with  the  presence  of  the  galena.  The 
product  of  the  Titusville  mine  in  1888  was  $51,300. 

From  this  mine  the  lode  can  be  traced  over  the  slope  to  the  summit 
of  Kendall  Mountain,  where  it  api>ears  to  divide.  It  has  been  pros- 
pected along  this  distance  on  the  Seymour,  Emma,  Pyramid,  Pompeii, 
and  Sal  Custer  claims,  and  some  ore  has  been  taken  out,  chiefly 
galena.  On  the  west  slope  of  Kendall  Mountain,  the  Idaho  jirospect, 
in  Silverton  Gulch,  is  apparently  on  the  same  fissure  or  fissure  zone, 
although  it  is  here  very  different  in  character.  The  country  rock  at 
this  point  is  monzonite,  part  of  the  great  stock  of  Sultan  Mountain. 
The  vein  here  is  usually  without  gouge  and  narrow — 18  inches  or  less. 
It  dips  southwesterly  about  80°.  The  ore  is  mostly  chalcopyrite  and 
pyrite,  with  i)Ockets  of  galena  in  a  quartz  gangue.  The  galena  usu- 
ally occurs  in  the  middle  of  the  vein,  with  (luartz,  chalcopyrite,  and 
pyrite  on  the  sides.  This  prosi>ect  has  been  worked  intermittently 
for  twenty  yeai*s  and  has  produced  some  ore.  The  development  con- 
sists of  two  tunnels  and  some  small  stopes. 

LODES  OF  HAZELTON  MOUNTAIN. 

General. — Hazel  ton  Mountain,  as  the  spur  separating  Blair  and 
Arrastra  gulches  is  called,  was  the  scene  of  some  of  the  earliest  min- 
ing in  the  quadrangle.  In  1874  work  was  already  in  progress  on  the 
Aspen,  Prospector,  Sus(iuehanna,  Mammoth,  and  other  claims,  most  of 
which  were  afterwards  consolidated  as  the  Aspen  mine. 

Aspen  mine, — The  workings  of  this  mine,  which  are  extensive,  are 
shown  in  plan  and  longitudinal  section  in  fig.  12.     As  early  as  1875, 
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the  Susquehanna  and  Aspen  claims  were  being  worked  at  a  profit, 
wliile  in  1870  the  Prospector  lode  was  developed  by  two  shafts,  ICK) 
and  130  feet  deep,  connected  by  a  drift  100  feet  long.  The  product 
of  the  group  up  to  1880  has  been  estimated  at  over  $200,000.  In  1882 
the  Aspen  group,  embracing  the  Aspen,  Susquehanna,  Mammoth, 
Legal  Tender,  Matchless,  and  McGregor  claims,  was  one  of  the  best 
developed  properties  in  the  district  and  had  over  5,000  feet  of  work- 
ings. During  this  year  its  operators  contracted  to  furnish  Sweet  &  Co., 
in  Silverton,  with  3,000  tons  of  ore,  which  were  crushed,  sampled,  and 
sent  to  the  new  smelter  in  Durango.  In  1803  the  Mint  reports  credit 
the  mine  with  a  product  of  |;75,000,  and  in  1897,  $78,000.  In  1892  the 
output,  according  to  the  same  authority,  was  $50,910.  In  all,  11,423 
tons  of  ore  have  been  produced  since  January  1,  1884. 


Pio.  12.— Plan  and  longitudinal  section  of  the  workinjrs  of  the  Aspen  mine,  Hazelton  Mountain. 

As  the  mine  has  been  idle  for  several  years,  it  was  impracticable  in 
1800  to  make  a  satisfactory  study  of  its  underground  workings.  In 
1000,  however,  some  progress  had  been  made  toward  opening  or  retim- 
bering  the  Amy  tunnel,  connecting  with  the  800-foot  level.  Access 
to  a  small  portion  of  the  lod(»  was  obtained  through  the  Legal  Tender 
tunnel.  The  vein  at  the  point  cub  by  the  tunnel  strikes  N.  50°  W.  and 
dips  southwest  at  about  80°.  It  is  small  at  this  place,  accompanied 
by  soft  gouge  and  disturbed  by  some  cross  faulting.  The  Legal  Tender 
tunnel  shows  the  country  rock  to  be  traversed  by  several  other  veins 
runninir  g(Mierally  j)arallel  to  the  AspcMi. 

Th<»  Aspen  workings  are  in  rocks  Ix^longing  to  the  Silverton  series, 
exhibiting  ehietly  tlie  characteristic  breccia  structure  already  de- 
scribed and  containing  much  rock  of  rhyoli tic  character.     The  lowest 
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tiiimel,  which,  judging  from  the  dump,  has  not  cut  the  lode,  is  in 
massive  andesite. 

According  to  information  received  from  W.  II.  Thomas,  there  were 
several  small  veins  near  the  surface,  which  came  together  in  the 
deeper  workings.  The  plan  of  the  workings  (fig.  12)  indicates  that 
the  lo<le  is  of  rather  irregular  character  and  that  the  general  dip  is 
northeasterly,  at  angles  varying  from  uy  to  vertical.  It  is  often 
assumed  that  the  Aspen  lode  is  the  northwestern  continuation  of  that 
branch  of  the  North  Star  lode  upon  which  are  located  the  Slide  und 
Mayflower  claims.  But,  as  elsewhere  pointed  out,  it  is  more  likely 
that  they  are  distinct. 

The  ore  of  the  Aspen  is  chiefly  a  heavy  lead-silver  ore,  consisting 
of  galena,  sphalerite,  chalcopyrite,  pyrit-e,  tetrahedrite,  and  a  little 
native  silver  in  the  upper  workings.  The  gangue  is  quartz,  with  con- 
siderable green  fluorite.  The  tetrahedrite  is  said  to  have  occurred  in 
pockets  or  bunches  in  the  other  ore  minerals.  One  trial  lot  of  ore, 
consisting  of  1,000  tons,Js  reported  to  have  run  110  ounces  of  silver 
and  J)0  per  cent  of  lead,  no  returns  being  made  for  gold.  The  Aspen 
ore  was  smelted  in  the  old  Greene  smelter,  north  of  Silverton,  as  long 
as  that  pioneer  plant  was  in  operation. 

It  is  commonly  stated  that  the  Aspen  ceased  working  on  account  of 
the  i)overty  of  the  ore  in  the  lowest  workings.  It  is  probable,  how- 
ever, that  good  bodies  of  ore  will  yet  be  found,  and  that  the  mine  will 
again  become  productive. 

NORTH  STARi    (KING  SOLOMON)  GROUP  OF  LODES. 

General. — The  prominent  North  Star  lode  crosses  Little  Giant  Peak, 
northeast  of  Silver  Lake  Basin,  very  near  its  summit.  Its  general 
course  is  a  little  more  northerly  than  that  of  the  Silver  Lake  vein,  or 
about  N.  48°  W,  The  dip  is  northeasterly,  but  nearly  vertical. 
Northwest  of  the  peak  the  lode  continues  through  the  Terrible,  Slide, 
Mayflower,  and  Argentine  claims,  down  into  Arrastra  Gulch.  It  is 
often  supposed  that  the  Grey  Eagle- Aspen  lode,  on  the  south  side  of 
Arrastra  Gulch,  is  part  of  the  North  Star  lode.  But  the  connection, 
if  it  exists,  which  is  doubtful,  is  concealed  by  the  talus  in  the  gulch. 
It  seems  mon?  probable  that  the  Aspen  is  a  distinct,  essentiallj^  l)ar- 
allel,  overlapping  lode.  Southeast  of  Little  Giant  Peak  the  North 
Star  lode  continues  through  the  Dives,  Shenandoah,  Mountaineer, 
and  Lookout  claims  into  Mountaineer  Gulch. 

Xorth  Star  {King  Solomon)  mine. — This  mine  was  fii"st  i*egularly 
worked  in  18.*^.'5,  although  it  had  been  exploited  intermittently  for 
three  or  four  years  previous  to  that  t  ime.  Since  then  it  has  been  pro- 
ducing steadily  up  to  a  year  or  two  ago.     The  total  product  since  1883 

>  There  arc  two  North  Star  inine«  within  tho  quadrangle— one  on  Little  Giant  Peak,  oom- 
xnonly  spoken  of  aa  "The  North  Star  of  King  Solomon,"  and  the  other  on  the  north  base  of 
Sultan  Mountain.  The  former  will  be  referred  to  in  this  report  as  "  The  North  Star  ( King 
Solomon)  mine/* 
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has  been  *1, 200,000.  Tlie  lode  on  tlie  North  Star  property  is  a  strong 
stringer  lead,  consisting  of  a  zone  of  country  rock  traversed  irregu- 
larly by  ore-bearing  stringei*s.  At  the  croppings,  near  the  summit  of 
Little  Giant  Peak,  this  zone  is  alx)ut  100  feet  wide.  The  vein  as  a 
whole  has  no  walls,  and  the  stringei-s  are  usually  not  accompanied  by 
gouge.  The  country  ro(*k  is  that  found  in  the  Silver  Lake  Basin,  and 
belongs  to  the  Silverton  series.  The  hard,  massive  sheets  of  andesite 
are  found  to  l>e  less  favorable  for  the  dejKisition  of  ore  than  the  softer 
breccias.  The  character  of  the  lode  makes  it  very  difficult  to  work. 
Ore-bearing  stringers  may  be  encountered  anywhere  within  the  zone 
of  fissured  country  rock,  and  frequent  crosscutting  is  a  necessity. 
The  reduced  horizontal  projection  of  the  levels,  shown  in  fig.  13,  will 
give  some  idea  of  the  irregular  character  of  the  workings.     The  pay 
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Fig.  13.— Sketch  plan  of  andert^round  workings  of  the  North  Star  (King  Solonum)  mine. 

shoot  as  a  whole  pitches  to  the  southeast,  apparently  at  an  angle  of 
about  45°.  The  upper  200  feet,  near  the  surface,  was  largely  sulphate 
of  lead  (anglesite)  not  carrying  much  silver.  This  changed  in  depth 
to  galena,  which  was  associated  with  increasing  amounts  of  tetrahe- 
drite  as  the  ore  was  followed  downward.  In  the  lower  levels  the  galena 
was  subordinate  to  the  gray  cojiper.  This  was  the  most  valuable  ore 
mineral  in  the  mine,  being  a  highly  argentiferous  tetrahedrite,  or  the 
variety  of  gray  copper  known  as  freibergite.  Below  the  fifth  level 
the  pay  shoot  failed,  although  the  fissure  continues.  No  serious  pros- 
I)ecting  has  yet  been  undertaken  to  det(»rniine  whether  there  may  not 
be  other  ore  bodies  beneath  the  pay  shoot.  That  there  are  such  ore 
bodies  is  rendered  probable  by  the  fact  that  ore  similar  in  character 
to  that  of  the  North  Star  mine  occurs  at  a  lower  level  in  the  Dives 
mine,  which  adjoins  the  former  on  the  southeast.  The  gangue  of  the 
North  Star  ore  was  quartz.     Some  gold  occurred  occasionally  in  the 
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ore  of  tlie  lower  levels,  assays  of  G  ounces  to  the  ton  having  been 
obtained.  This  metal,  however,  formed  an  exceedingly  small  propor- 
tion of  the  whole  output,  which  was  chiefly  in  silver. 

Owing  to  the  cessation  of  mining  and  the  accumulation  of  ice  and 
mud  in  the  abandoned  workings,  it  was  impossible  to  make  any  satis- 
factory study  of  the  detailed  structure  of  the  lode.  Small  stringers 
and  gouge  seams  are  said  to  come  in  from  the  foot  wall  (southwest),  as 
in  the  Silver  Lake  lode. 

The  ore  from  the  North  Star  was  sorted  and  packed  on  burros  down 
to  the  road  in  Big  Giant  Gulch.  From  this  point  wagons  carried  it 
down  to  the  Crooke  mill,  near  the  mouth  of  Boulder  Gulch.  Built  to 
treat  ore  from  the  Polar  Star  mine,  on  Engineer  Mountain,  this  mill 
was  originally  equipped  with  a  modification  of  the  Augustin  leaching 
process.  Its  present  plant  consists  of  1  7  by  10  Blake  cru.sher;  10 
l,00()-pound  stamps,  dropping  5  inches  at  90  to  the  minute;  5  Harz 
jigs,  1  Wilfley  table,  3  Frue  vanners,  and  G  canvas  tables.  Power  is 
furnished  by  a  GO-horsepower  engine  and  boiler.  The  capacity  of  the 
mill  is  about  50  tons.  It  is  evident  that  ore  so  irregularly  mined,  and 
milled  under  such  disadvantages,  must  have  been  high  grade  to  have 
paid  for  extraction  and  treatment.  Much  ore  that  might  have  been 
profitably  milled  in  a  better-equipped  mine  has  undoubtedly  gone  on 
the  dump  or  remained  in  the  stopes. 

Dives  mine. — This  claim  joins  the  North  Star  (King  Solomon)  on 
the  southeast  and  is  on  the  same  lode.  The  workings  here  are  not 
extensive  and  the  mine  has  not  yet  produced  much  ore.  It  contains 
two  stopes,  one  on  the  Dives  and  the  other  on  the  Shenandoah  claim. 
Tlu»  general  character  of  the  lode  resembles  that  described  in  the 
North  Star.  It  is  an  irregular  stringer  lead,  without  gouge  and  with- 
out regular  walls.  The  ore  is  argentiferous  gray  copi)er  (perhaps  not 
a  normal  tetrahedrite,  as  it  carries  some  lead),  galena,  chalcopyrite, 
and  pyrite,  in  a  gangue  of  quartz  and  barite.  Small  vugs  lined  with 
quartz  crystals  are  common.  3[uch  of  the  vein  matter  is  merely 
altered  country  rock,  in  which  the  outlines  of  former  porphyritic  crys- 
tals of  feldspar  are  still  recognizable.  The  ore-ln^aring  stringers  are 
distinctly  cut  by  one,  and  possibly  two,  sets  of  later  stringers  of 
quartz,  generally  parallel  to  the  coui'se  of  the  lode.  These  later 
stringers,  as  far  a.*^  observed,  are  small,  and  are  usually  barren, 
though  some  carry  a  little  ore.  Comb  structure  is  particularly  com- 
mon in  them.  A  well-marked  spherulitic  structure  was  noted  in  some 
of  the  ore.  JVlore  or  less  rounded,  irregular  lumps  of  tetrahedrite 
were  surrounded  ])y  a  skin  of  chalcopyrite,  from  which,  as  a  founda- 
tion, the  (juartz  had  crystallized  radially  (mt ward  (see  PL  XI,  C).  The 
high-grade  ore  may  run  about  200  ounces  of  silver.  On  the  Dives 
claim  there  is  a  solid  vein  of  barite,  G  to  7  feet  wide,  on  the  hanging 
wall  of  the  produ(*tive  lode.  Its  relation  to  the  latter  was  not  deter- 
mined.    Its  presence  and  the  occurrence  of  barite  within  the  ore  body 
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are  p<»rhaps  oonne(»t(»(l  witli  the  Potomac  lode,  which  is  known  to 
carry  barite,  and  should  join  the  North  Star  lode  from  the  north  at 
about  this  point.  Harite  was  not  recognized  in  the  ore  of  the  North 
Star  mine. 

Tlu^  country  rock  of  the  Dives  is  that  of  the  North  Star.  It  shows 
some  alteration  clos<^  to  the  ore  iKxlies,  IxMug  bleached  in  color,  trav- 
ersed by  veinlets  of  quartz,  and  full  of  minute  cubical  crystals  of 
pyrite  and  occasionally  sp<»cks  of  galena.  The  microscope  shows  that 
it  has  undergone  entire  metasomatic  recrystallization  and  consist** 
chiefly  of  (xuartz,  sericite,  and  pyrite. 

The  Dives  was  worked  on  a  lease  in  1899,  the  ore  being  treate<i  in 
the  North  Star  (Crooke)  mill.     In  1900  it  was  idle. 

The  Mouiiiuineer  and  Lookout  mmes  have  not  proved  stea<lily  pro- 
ductive claims,  although  in  the  Mint  report  for  1891  the  T^iookout  is 
credited  with  a  production  of  $27,152.  Both  are  now  idle.  The  tun- 
nel of  the  latter  is  run  in  Algonkian  schists,  just  beneath  their  con- 
tact with  the  overlying  volcanic  rocks  of  the  San  Juan  series.  The 
schists  ai'e  shattered  and  decomposed,  and  the  deposit  appears  to  l)e 
very  bunchy  and  irregular.  The  ore  shows  galena,  chalcopyrite,  and 
pyrite.  The  Mountaineer  is  said  to  have  been  located  by  i>rosi)ectors 
from  New  Mexico  in  1870.  At  least  three  veins  can  be  seen  cropping 
in  the  steep  bluffs  of  San  Juan  breccia  alwve  the  Lookout  tunnel,  and 
apparently  convei*ging  just  south  of  the  tunnel  mouth  in  what  is 
locally  tenned  a  "blow-out."  This  is  a  ma^ss  of  shattered  limestone 
(probably  the  Ouray  limestone  (Devonian),  which  overlies  unconform- 
ably  the  Algonkian  schists  south  of  the  Highland  Mary  mine)  and 
fragments  of  schist  and  andesite,  cemented  by  comminuted  andesitic 
material.  Some  of  the  limestone  fragments  are  surrounded  hy  envel- 
opes of  hematite.  The  whole  mass  is  somewhat  mineralized  and  is 
travei*sed  by  quartz  stringers.  The  origin  of  this  area  of  local  dis- 
turbance is  not  certainly  known.  The  original  shattering  may  have 
been  due  to  the  movements  which  formed  the  veins  that  converge  at 
this  point.  There  has,  however,  been  some  recent  movement  of  a  land- 
slip character,  which  has  tended  to  obscure  the  original  relationships. 

Big  Giant  lode  and  others. — In  Big  Giant  Gulch  are  several  lodes 
which  may  be  conveniently  described  in  connection  with  the  North 
Star  lode.  The  most  important  of  these  is  the  one  on  which  the 
Potomac  claim  is  located.  Some  work  has  been  done  on  this  claim, 
and  also  on  the  Big  Giant,  whidi  appears  to  be  on  the  same  lode. 
On  the  latter  (!laim  the  lode  is  apparently  a  stringer  lead,  without 
any  considerable  gouge  and  carrying  much  chalcopyrite  in  its  ore. 
It  dips  southwest  at  from  75'  to  Si.f .  A  small  mill  was  erected  on 
this  claim,  but  the  mine  was  not  successful,  and  was  idle  in  1899. 
Toward  the  southeast  this  lode  passes  over  the  northern  shoulder  of 
Big  Giant  Peak  and  is  supposed  to  join  the  North  Star  vein  in  the 
Dives  claim.  There  are  other  lodes  in  this  gulch,  two  of  which  are 
shown  on  the  map,  but  they  have  not  proved  to  possess  any  value. 
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Little  Giant  lode. — This  lode,  which  lies  l>Btween  Big  Giant  and 
Ariastra  gulches,  has  not  been  worked  for  many  years,  and  its  cliief 
iuten^st  at  present  is  a  historical  one.  Discovered  by  Miles  T.  John- 
son in  1871,  it  was  the  fii*st  mine  to  he  opened  in  the  district,  and,  in 
contrast  with  the  present  mines  in  the  vicinity,  produced  a  gold  ore. 
Such  portions  of  this  ore  as  were  not  shipped  to  Pueblo  in  the  crude 
state  were  originally  treated  in  arrastras.  Al)out  27  tons  were  treated 
in  this  way  and  yielded  tlSO  per  ton.  In  1872  the  Little  Giant  Com- 
pany was  formed  in  Chicago  to  work  the  mine,  and  in  the  following 
year  the  company  erected  a  mill  equipped  with  a  Dodge  crusher,  ball 
pulverizer,  and  5  stamps.  Power  was  supplied  by  a  12-horsepower 
engine.  The  mill  was  constructed  1,000  feet  below  the  mine  opening 
and  the  ore  was  brought  down  by  the  pioneer  wire-rope  tramway  of 
the  region.  About  100  tons  of  ore  were  milled  this  year,  producing 
about  $14,500.  The  saving  is  said  to  have  been  about  05  per  cent  of 
the  assay  value.  The  mine  Iwcame  involved  in  litigation,  and  this, 
coupled  with  the  diminution  of  the  pay  shoot,  led  to  its  abandonment. 

The  strike  of  the  vein  is  N.  40°  W.,  and  its  dip  southwest.  The  pay 
streak  is  said  to  have  been  about  8  inches  wide. 

LODES  OF  CUNNINGHAM  GULCH. 

General, — Cunningham  Gulch,  named  from  one  of  the  pioneers  of 
Baker's  company,  is  the  largest  of  the  various  side  gulches  which 
open  on  the  Animas  River  above  Silverton.  At  an  early  date  it  was 
the  scene  of  mining  activity,  and  then  gave  promise  of  a  develop- 
ment which  has  not  vet  been  fulfilled.  In  1890  and  1900  a  little  work 
was  in  progress  on  the  Pride  of  the  West,  but  otherwise  the  gulch 
above  its  junction  with  Stony  Gulch  contained  no  working  mines. 
Above  the  Green  Mountain  mine  the  bottom  of  the  gulch  is  excavated 
in  the  Algonkian  schists,  which  immediately  underlie  considerable 
areas  of  the  volcanic  rocks  of  the  quadrangle,  but  are  seldom  exposed 
in  its  central  i^ortion.  The  San  Juan  and  Silverton  formations  lie 
upon  the  characteristically  uneven  erosion  surface  of  the  older  schists. 
The  lodes  traverse  both  the  schists  and  the  overlying  volcanic  rocks, 
and  thus  afford  opportunity  for  studying  th(^  changes,  if  any,  that 
take  place  in  the  lodes  wh(»n  they  pass  from  the  older  to  the  much 
younger  formations.  This  investigation,  however,  is  unfortunately 
scM'iously  handicap])ed  by  the  al)andonment  of  most  of  the  old  work- 
ings, which  has  rendered  many  of  them  inaccessible.  The  general 
course  of  most  of  the  lodes  in  Cunningham  Gulch  is  between  X.  30'^  W. 
and  X.  40°  W.  The  Highland  Mary  vein,  however,  is  about  X.  G2'  W., 
and  still  other  Imles  run  more  nearly  north  and  south. 

Hifjhland  Man/  innu\ — This  mine  has  it  workings  in  the  ancient 
schists  at  the  i)oint  where  Cunningham  Gulch,  rising  by  an  abrupt 
ascent  to  a  higher  level,  loses  its  narrow  linear  character.  The  schists 
which  compose  the  country  rock  vary  somewhat  in  mineralogieal  com- 
position, but  the  most  common  facies  is  an  ordinary  hornblende-schist 
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eonsistinj;:  essentially  of  ^recn  hornhl<»n(lo  and  quai*tz.  The  strike  of 
the  sehistosity  is  lien*  about  X.  48^  E.  The  vein  has  a  strike  of  N. 
02"  W.,  and  is  praeticallj'  vertical.  Its  average  width  is  from  2  to  3 
feet,  and  it  is  a  simple  quartz- filled  fissure,  the  vein  being  adherent, 
or  *' frozen,"  to  the  schist  walls.  Several  tunnels  have  been  run  into 
the  vein,  but  none  of  them  were  accessible  in  1899.  The  only  ore 
minerals  seen  on  the  dump  were  chalcopyrite  and  pyrite.  Accordiuj;: 
to  Endlich,*  of  the  llayden  Survey,  who  visited  the  mine  in  1874,  the 
width  of  the  vein  is  from  4  to  5  feet,  and  galena  and  tetrahedrite  formed 
the  main  ore,  accompanied  by  pyrite,  chalcopyrite,  and  sphalerite. 
The  lower  tunnel  ha«  a  somewhat  devious  westerly  course,  and  was 
desipied  by  Edward  Innis,  its  projector,  to  tap  the  Royal  Tiger  and 
other  lodes  of  the  Silver  Lake  Basin.  It  was  started  about  1875  and 
had  reached  a  length  of  al)out  3,000  feet  when  work  was  abandoned 
in  18S4.  Several  veins  are  said  to  have  been  cut  in  this  tunnel,  but 
none  were  prospected.  An  inspection  of  the  dump  shows  that  the 
whole  of  the  tunnel  is  in  schist.  The  total  product  of  the  mine  was 
about  *5(),000. 

Toward  the  northwest  the  Highland  Mary  vein  passes  upward  from 
the  schists  into  the  volcanics  of  the  San  Juan  and  Silverton  series. 
As  examined  at  a  point  1,500  feet  above  the  mine  buildings,  the  lode 
in  the  volcanics  is  somewhat  larger  than  in  the  schists  below,  having 
a  width  of  about  12  feet.  It  is  here  (composed  of  apparently  barren 
quartz.  The  lode  probably  joins  the  North  Star  vein  on  the  Shenan- 
doah claim. 

Grfen  Mountain  mine. — This  mine,  which  is  credited  with  a  produc- 
tion of  about  *10(),000,  was  being  opened  when  visited  by  the  officers 
of  the  llayden  Survey  in  1874.  In  1883  it  is  said  to  have  produced 
about  .'K)0  tons  of  ore,  averaging  ']8  ounces  of  silver  and  45  per  cent  of 
lead  i)er  ton,  valued  at  about  ?25,0(K).  It  was  idle  in  1899,  and  evi- 
dently had  not  been  worked  for  several  years.  The  mine  was  opened 
through  four  tunnels,  (Altering  on  or  near  the  course  of  the  lode.  The 
count rv  rock  of  the  thrt»e  lower  tunnels  is  a  rhyolitic  flow-breccia. 
Th<»  upi)er  tunnel  is  in  Algonkian  s(*hist.  The  schist  of  course  under- 
lies the  rhyolite,  and  the  fact  that  it  is  encountered  in  the  upper 
instead  of  the  lower  worlvings  of  the  mine  is  due  to  the  irregularity  of 
the  <M)ntact  between  it  and  the  younger  volcanic  rocks,  and  to  the 
course  of  the  fissure,  which  malvcs  an  angle  with  the  contact.  The 
strike  of  the  lode  is  N.  -^8  W.,  and  the  g(Mieral  dip  nearly  vertical,  or 
at  a  high  angle  to  the  northeast.  In  the  rhyoiit(»  the  vein  is  generally 
about  ■>  feet  wide  and  is  destitute  of  gouge.  It  is  a  simple  fissure  fill- 
ing, containing  a  few  small  horses  of  altered  country  I'ock.  The  ore 
contains  abundant  sphalcM^ite  and  galena,  with  some  chalcopyrite  and 
pyrite,  in  a  quartz  gangue.  In  the  schists  the  vein  is  from  3  to  4  feet 
wide  and  fills  a  clean-cut  fissure.     The  quartz  and  ore  are  ''frozen" 
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to  the  clean  1}'  fractured  edges  of  the  schists.  The  latter  are  slightly 
impregnated  with  pyrite,  but  show  less  alteration  than  the  rhj^olite 
breccia.  The  differences  in  the  country  rocks  have  not  affected  the 
vein  or  ore  in  any  way  recognizable  by  the  eye.  Pay  ore  was  evidently 
stoped  in  both.  From  a  scientific  point  of  view  it  is  much  to  be 
regretted  that  this  mine  is  not  now  in  operation  and  open  to  insi>ection. 

Pride  of  the  West  mine, — This  was  one  of  the  earliest  mines  in  the 
district  to  ship  out  ore.  The  fii*st  lot  was  taken  out  by  pa<jk  animals 
to  Del  Norle,  on  the  Rio  Grande,  and  there  sold,  in  1874.  It  was 
from  tlie  upper  workings,  and  is  said  to  have  contained  handsome 
masses  of  wire  silver.  The  total  product  of  the  mine  has  probably 
been  near  8100,000.  In  the  Mint  report  for  1884  the  mine  is  credited 
with  a  total  product  from  the  upper  tunnel  (level  3)  of  1,500  tons, 
with  an  average  value  of  S65.  This  would  give  a  total  of  $97,500  up 
to  the  end  of  1884.  The  product  since  that  time  has  probably  not 
be^n  large.  Work  of  a  desultory  charac^tiCr  only  was  in  progress  in 
1899.  .The  general  course  of  the  Pride  of  the  West  lode  is  N.  32°  W. 
The  general  dip  appears  to  be  to  the  southwest  at  about  80°.  Local 
variations,  however,  are  common.  The  country  rock  is  a  greenish, 
indurated  tuff,  belonging  to  the  Silverton  series,  and  probably  latitic 
in  character.  The  upper  and  older  workings  are  situated  some  500 
feet  above  C'unningham  Creek,  near  the  croppings  of  the  vein,  which 
are  here  from  20  to  25  feet  wide.  A  crosscut  tunnel  of  alx)ut  80  feet 
gives  access  to  the  lode,  which  has  a  threefold  character.  Next  the 
hanging  wall,  where  cut  by  the  crosscut,  lies  about  3  feet  of  appar- 
ently fair  milling  ore,  upon  which  no  stoping  has  been  done.  This 
is  succeeded  on  the  northeast  by  15  feet  of  quartz,  carrying  abundant 
pyrite  and  chalcopyrite.  A  division  i)lane,  carrying  a  little  gouge, 
sepaiates  these  two  portions  of  the  lode.  Northeast  of  this  wide  mass 
of  quartz,  and  next  the  foot  wall,  is  the  main  '*  pay  streak"  of  the 
min(».  Tliis  ore  Ixxly  is  a  stringer  load.  Its  thickness,  where  stoped, 
was  appar<*ntly  about  15  f(H4  at  the  most,  and  usually  considerably 
less.  There  are  no  true  walls.  Stringers  from  the  lode  penetrate  the 
foot  wall  irregularly.  For  a  distance*  of  several  fe(.»t  the  latter  is 
traverse<l  by  stringers  generally  parallel  to  the  lode.  The  lode  has 
been  stoped  from  the  main  level,  and  from  a  level  Oo  feet  below, 
reached  through  a  winze. 

The  ore  is  chiefly  gahma,  occurring  in  stringers  and  bunches,  with 
jnore  or  l<»ss  quartz  gangue.  Pyrite,  chalcopyrite,  and  splialerite  are 
also  present.  The  richer  pockets,  however,  carried  rich  tetrahedrite 
(freibergite),  and  sometimes  wire  silver. 

A  tunnel  has  l)een  run  at  a  point  on  the  road  about  100  feet  above 
Cunningham  Creek,  for  the  purpose?  of  cutting  the  Pride  of  the 
West  lo<le  at  a  greater  depth  and  at  a  more  convenient  i)oint  for  work- 
ing, ^[any  hundred  f<*et  of  crosscnit  and  drift  were  run,  without, 
however,  finding  any  pay  ore.     Much  of  this  rock  was  on  the  Silver 


170         ECONOMIC   GEOLOGY   OF   SILVERTON   QUADRANGLE.     [BUiX-ias. 

Fountain  lode,  which  runs  southwest  of  and  approximately  parallel 
with  the  Pride  of  the  West  lode.  Its  general  course  is  N.  42""  W 
Th(»  crosscuts  show  tliat  Initween  this  and  the  Pride  of  the  West  lode, 
which  appears  never  to  have  been  reiiched  in  these  lower  working, 
are  several  other  generally  parallel  lodes,  none  of  which  carry  pay  ore, 
as  far  as  prosi>ected. 

The  ore  from  the  upper  workings  of  the  Pride  of  the  West  is  brought 
down  to  the  road  by  a  small  wire-rope  tramway,  and  is  thence  hauled 
to  the  railix>ad  at  Ilowardsville  in  wagons. 

Philadelphia  niiiie. — This  is  a  small  mine  higher  up  the  slope  and 
apparently  on  the  same  lode  as  the  Pride  of  the  West.  Work  on  it 
began  in  1875,  and  it  is  said  to  have  contained  a  single  pocket  of  ore, 
chiefly  freibergite  with  a  little  galena,  which  afforded  about  100,(KK) 
ounces  of  silver.     It  has  been  idle  for  vears. 

Other  lodes. — There  are  several  other  lodes  on  Green  Mountain 
between  Stony  and  Cunningham  gulches.  Several  of  these  have  pro- 
duced small  pockets  of  ore,  but  have  never  been  extensively  mined. 
The  stronger  lodes  run  approximately  northwest  and  southeast.  One 
of  these  is  prominent  along  the  crest  of  the  mountains.  Some  large 
masses  of  barren-looking  white  quartz  outcrop  along  the  course  of 
the  lode,  but  often  the  rock  (andesiU*)  is  bleached  and  full  of  small 
quartz  stringers  for  a  width  of  about  30  feet.  About  a  quarter  of  a  mile 
northwest  of  the  summit  of  Green  Mountain  this  lode  cuts  an  older 
vein  of  solid  white  quartz,  about  10  feet  wide,  accompanied  by  some 
parallel  stringers.  Tliis  older  vein  strikes  X.  60°  E.  and  dips  south- 
east at  SO^-SS*".  The  lode  along  the  ridge  at  this  point  dips  southwest. 
On  the  northern  spur  of  Green  Mountain  the  veins  form  a  complex 
network.  A  few  only  of  the  better-defined  ones  are  show  n  on  the 
map.  As  far  as  could  be  determined  they  are  all  of  the  same  age. 
As  a  rule  they  show  small  indications  of  mineralization.  I  was 
informed,  however,  by  the  owner  of  one  of  the  claims  that  ore 
occurred  in  scattered  pockets,  from  one  of  which  he  had  taken  out  a 
carload  running  3  ounces  of  gold  jx^r  ton. 

North  of  the  Pride  of  tlio  West  is  a  lode  running  generally  parallel 
to  the  road.  There  are  several  prospects  upon  it,  but  it  has  never 
produced  pay  ore.  In  one  of  these  prospects,  the  Osceola,  just  north 
of  the  Pi'ide  of  the  West,  occurs  a  very  curious  banded  ore,  de8eril)e<l 
more  fully  in  the  general  secticm  on  tlie  ores.  Owing  to  the  caved 
state  of  the  tunnel  this  bandcnl  ore  could  not  be  studied  in  place. 

LODES  OF  GALENA  MOUNTAIN  AND  VICINITY. 

General. — Under  tliis  1  leading  tliere  will  be  described  not  only  the 
fissure  deposits  on  Galena  Mountain  itself,  but  those  of  Maggie,  Por- 
cupine, and  Stony  gulches.  Galena  Mountain  is  an  exceedingly 
pi'ccipitous  peak,  the  upper  part  of  which  is  composed  chieflv  of 
andesite,  both  massive  and  fragmental  (tulT-breccias),  belonging  to 
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the  Silverton  series.  In  its  lower  portions  occur  some  rhyolite  and 
intrusive  masses  of  monzonite.  The  mass  of  the  mountain  is  trav- 
ersed by  very  numerous  lodes,  in  |jn*eat  part  true  veins,  many  of  which 
are  prominent  on  the  surface.  Only  a  few  of  the  more  conspicuous 
ones  could  l)e  platted  on  the  map,  and  those  with  merely  approximate 
accuracy.  The  number,  prominence,  and  rough  parallelism  of  certain 
sets  of  these  lodes  suggest  their  division  into  at  least  four  groups. 

(1)  X.  45°  E.  lodes. — Lodes  having  a  nearly  northeast  and  south- 
west strike  are  not  so  numerous  on  Galena  Mountain  as  they  become 
farther  nortli.  The  best  example  in  this  portion  of  the  quadrangle  is 
the  Ridgway  lode,  the  general  course  of  which  is  about  N.  40°  E., 
with  local  variations.  Thus,  in  the  Ridgway  mine  the  strike,  as 
observed  in  the  drifts,  is  about  N.  65°  W.  The  lode  dips  southeast 
at  from  To""  to  80°.  The  Ridgway  lode  is  faulted  by  the  Alaska  lode, 
with  a  strike  of  N.  40°  W. 

(2)  N.-S.  lodes. — In  this  group  are  included  a  number  of  rather 
short  lodes,  of  which  the  Veta  Madre  may  be  taken  as  an  example. 
They  usually  dip  to  the  east  at  an  angle  of  ab^t  80°.  No  important 
ore  bodies  have  been  found  on  any  of  them,  nor  was  any  work  on  them 
in  progress  in  1891).  The  larger  of  these  N.-S.  loiles  are  often  accom- 
panied by  parallel  Assuring  and  veining  of  the  country  rock. 

(3)  N.  25°  W.  lodes. — Lodes  of  this  group  are  very  well  seen  on  the 
south  declivity  of  the  mountain  in  the  vicinity  of  the  Veta  Madre 
mine.  Tlie  massive  andesite  is  here  traversed  by  a  very  prominent 
set  of  fissures  running  N.  25°  W.  and  generally  nearly  vertical.  The 
fissures  are  clesely  spaced,  a  foot  or  less  apart,  and  are  usually  occu- 
pied by  rather  small  stringers,  which  are  sometimes  mineralized.  In 
the  Veta  Madre  tunnel  the  N.-S.  lode  is  cut  by  a  vein  belonging  to 
this  group  (N.  25°  W.),  which  was  followed  for  about  300  feet,  and 
carried  galena  with  chalcopyrite  and  probably  sphalerite  and  pyrite. 
The  veins  of  this  group  are  thus,  in  part  at  least,  younger  than  the 
N.-S.  veins  of  group  2. 

(4)  N.  G5°  W.  lodes. — Lodes  whose  courses  are  within  a  few  degrees 
of  N.  65°  W.  arc  generally  larger  and  more  prominent  than  the  other 
lodes  of  Galena  Mountain.  Just  southwest  of  tlie  summit  of  the  peak 
a  prominent  lode  of  this  group  has  been  extensively  prospected.  The 
lode  at  this  point  is  a  large  one,  striking  N.  00°  W.  and  dipi)ing  75° 
to  the  northeast.  The  ore  is  chiefly  chalcopyrite?  and  galena  in  a 
<iuartz  gangue.  Tlie  Neigold  mine  is  also  working  one  of  these  strong 
lodes  (N.  75°  W.),  in  this  case  practically  vertical.  The  ore  shows 
gaUMia,  chalcopyrite,  a  finely  disseminated  sulphobismuthite  of  lead, 
specularite,  and  pyrite,  in  a  quartz  gangue.  A  gray  prismatic  min- 
eral of  brilliant  metallic  luster,  determined  as  probably  bismuthinite, 
is  also  present.  The  veins  of  this  group  cut  the  N.  25°  W.  veins  of 
group  3,  and  in  one  case  were  observed  to  cut  a  vein  striking  about  N. 
30^  E.  They  are  thus,  as  far  as  is  known,  the  youngest  veins  on  the 
mountain. 
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Althoiigli  Galena  Mounlain  ha^  l)oon  prosix^cted  at  many  points  and 
has  produced  some  ore,  no  inijiortant  ore  Iwdies  have  yet  been  devel- 
ope<l.  The  veins  in  jreneral  contain  milk-white  quartz  and  some 
barite  and  are  appariMitly  not  heavily  mineralized. 

Ant ipe.r iodic  mine. — This  is  a  small  property  on  the  east  side  of 
Rocky  Gulch.  The  lode  has  a  fj:eneral  strike  of  about  N.  38""  W.  and 
dips  southwest  about  70"^.  It  is  irregular  and  the  ore  occurs  in  pockets. 
The  country  rock  is  andesite.  The  ore  consists  of  galena,  with  cerus- 
site  and  wire  silver  near  the  surface.  Tetrahedrite,  chalcopyrite, 
pyrite,  and  sphalerite  are  also  present.  The  total  product  of  this 
little  mine  during  the  twenty  years  it  has  been  worked  amounts  to 
about  Jl^jCXK).  The  ore  is  often  of  high  grade,  carrying  sometimes 
1,100  ounces  of  silver  and  5  ounces  of  gold,  but  it  is  difficult  to  find 
and  variable  in  tenor. 

Ridgway  mine. — This  mine  is  situated  on  a  spur  which  runs  out 
noi-thcast  from  Galena  Mountain  to  Maggie  Gulch.  It  was  first  worked 
in  the  summer  of  181)(>  and  has  paid  continuously.  The  strike  of  the 
lode  is  N.  40°  E.  and  the  dip  s<jutheast  at  75°.  The  workings  consist 
of  two  tunnels,  with  drifts  and  stope  on  the  upper  level.  The  lower 
tunnel  has  just  cut  the  lode,  and  a  winze  is  being  sunk  from  the  upper 
level  to  meet  it.  The  country  rock  T)f  the  two  main  levels  is  massive 
andesite.  The  stope,  however,  is  partly  in  well-bedded  andesitic  tuff 
about  200  feet  thick,  resting  upon  an  uneven  surface  of  the  massive 
andesite.  The  tuff  is  in  turn  capped  by  an  andesitic  flow.  The  lode 
in  the  stope  shows  a  maximum  width  of  7  feet,  nearly  all  ore.  The 
vein  is  ''frozen"  to  the  walls,  the  rock  of  which  exhibits  considerable 
alteration.  The  microscope  shows  that  the  andesite  near  the  ore  has 
becMi  changed  into  an  aggregate  of  quartz  and  sericite.  The  gangae 
of  the  ore  is  chiefly  (luartz,  with  a  little  calcite.  Vugs  ai^  common, 
usually  lined  with  <»rystals  of  quartz,  which  are  sometimes  faintly 
amethystine.  Toward  the  northeast  the  vein,  as  followed  in  the  stope, 
becomes  a  barren  sti-iiiger  lode.  Toward  the  southwest  the  ore  body 
is  sharply  terminated  by  the  Alaska  vein,  which  faults  the  main  lode, 
apparently  offsetting  its  southwestern  continuation  to  the  southeast. 
No  ore  has  yet  been  found  south  of  the  fault,  although  the  vein  con- 
tinues bevond  the  offset. 

Tlie  valuable  constituent  of  tlie  ore  c'onsists  chiefly  of  a  dark-gray 
()!•  black,  sectile,  argentiferous  mineral,  which  contains  neither  arsenic 
nor  antimony  and  is,  without  mu<*h  doubt,  argentite.  Curiously,  tlus 
mineral,  with  s(*ctility  as  its  most  cliaracteristic  physical  property,  is 
called  ''brittle  silver"  by  the  miners.  It  occurs  finely  disseminated 
through  the  (juartz  (PI.  X,  A)  and  as  small  irregular  crystals,  with 
quartz,  in  the  vugs.  A  little  ruby  silver  is  reported.  There  is  very 
little  galc^na  in  the  ore,  and  the  product  of  the  mine  is  wholly  in  gold 
and  silver.  The  ore  shipped  averages  "^X 10  per  ton  and  carries  about 
3  ounces  of  gold.     Some  of  it  runs  much  higher.     In  1898,  300  tons  of 
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ore  were  shipped,  and  in  ISDO  about  150  tons.  Ore  under  $20  in  value 
is  thrown  on  the  dump.  The  erude  ore  is  taken  down  on  pack  ani- 
mals to  Middleton  and  shipped  to  Durango  by  rail.  It  costs  S6  per 
ton  to  transport  it  to  the  smelter.  The  totiil  product  of  the  mine  has 
been  about  |5G0,000. 

Gold  Xu/jfjei  claim. — In  Maggie  Gulch  are  numerous  lodes  and 
veins,  nearly  all  of  which  have  been  superficially  prospected.  The 
Gold  Nugget  is  one  of  the  oldest  of  these  prospects  and  has  produced 
about  Jj^lOjOOO,  chiefly  from  a  single  rich  pocket  near  the  surface.  The 
value  is  in  gold  and  silver,  and  the  ore  is  the  so-called  '*  brittle  sil- 
ver," probably  in  this  case  argentite.  The  strike  of  this  vein  is  N.  10® 
E.  and  its  dip  about  OC^  to  the  east.  It  is  a  strong,  solid,  white  vein, 
containing  some  calcite  and  barite  with  the  quartz.  The  country 
rock  is  andesite. 

Little  Maud  claim, — This  is  on  a  strong  vein  about  12  feet  wide, 
striking  N.  20°  E.  and  dipping  southeast  about  77°.  The  vein  is 
frozen  to  the  walls.  The  country  rock  is  andesite.  The  ore  is  similar 
in  character  to  that  of  the  Ridgway,  consisting  of  the  so-called 
"brittle  silver"  with  pyrite  in  a  quartz  gangue.  It  has  thus  far  been 
found  near  the  hanging  wall;  but  the  pay  streak  appeared  to  be 
changing  to  the  footwall.  About  40  sacks  of  high-grade  ore  had 
been  taken  out  in  1899,  but  none  shipped. 

As  a  whole  the  veins  in  Maggie  Gulch,  including  the  Ridgway, 
differ  markedly  in  the  character  of  their  ores  from  those  hitherto 
described  in  Silver  Lake  Basin,  Cunningham  Gulch,  and  on  Galena 
Mountain.  They  do  not  contain  noticeable  quantities  of  galena,  and 
are  mined  for  gold  and  silver  only.  The  important  ore  mineral  is 
the  so-called  *' brittle  silver,"  which  usually  is  finely  disseminated 
through  the  quartz.  As  usual,  it  is  not  brittle  silver  (stephanite)  at 
all,  but  either  an  argentiferous  galena  or  a  mixture  of  galena  and 
argentite.  Common  pyrite  is  also  usually  an  abundant  constituent. 
As  far  as  observed,  veins  carrying  ore  of  this  character  all  strike  east 
of  north.  The  value  of  the  ore  is  about  equally  distributed  between 
gold  and  silver.  The  ore  is  usually  of  a  high  grade,  but  has  not 
been  found  in  large  bodies.  It  is  generally  in  irregular  bunches  and 
streaks  in  prominent,  generally  barren  lodes.  Except  the  Ridgway 
mine,  there  are  no  workings  in  the  gulch  which  can  l)e  regarded  as 
anything  more  than  prospects. 

Hamlet  mine. — This  mine,  about  three-fourths  of  a  mile  south  of 
Middleton,  although  hardly  in  Maggie  Gulch,  may  l>e  conveniently 
referred  to  in  this  place.  This  is  a  silver-lead-copp?r  mine,  which 
was  worked  intermittently  from  1883  to  1887.  Most  of  the  work  was 
done  during  the  last  two  years,  when  the  mine  shipped  several  hun- 
dred tons  of  chalcopyrite  and  galena  ore.  The  strike  of  the  vein 
is  N.  50°  W,  and  the  dip  80°  to  85°  to  the  northeast.  The  ore  is 
galena,  sphalerite,  and  chalcopyrite  in  quartz.     The  country  rock  is  a 
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fiiio-;p"Hined  iiionzonito,  and  the  vein  is  a  simple  fissure  filling,  with  little 
or  no  ^ouge.  The  workings  are  rather  extensive,  embracing  three  adit 
tunnels,  with  drifts,  stopes,  and  crosscuts.  The  ore  was  taken  down 
to  the  railroml  on  pa<?k  animals,  and  it  is  remarkable  that  so  much 
work  was  done  on  an  ore  deposit  of  this  character  without  more  effect- 
ive means  of  handling  and  concentrating  the  ore. 

Other  lodds. — Just  north  of  Ilowanlsville  the  precipitous  slo|>es  of 
Domo  l^eak  are  traversed  liy  several  prominent  lodes.  There  are  two 
sets  of  these,  one  with  a  course  of  about  X.  G3°  W.,  and  tlie  other 
al)out  X.  2i)^  E.  They  are  not  distinct  fissures,  such  as  would  result 
from  decisive  faulting,  but  an»  veins  showing  considerable  regularity 
for  some  distance,  then  brandling,  anastomosing  with  other  veins  or 
dying  out  in  networks  of  irregular  stringers.  There  is  a  tunnel,  the 
name  of  which  was  not  ascertaineil,  alx)ut  half  a  mile  north  of  How- 
ardsville,  at  the  junction  of  two  of  the  most  prominent  veins.  In  it 
much  fruitless  work  was  done,  but  no  extensive  ore  body  was  ever 
discovered  and  the  mine  was  abandoned.  Tlie  lodes,  so  prominent 
in  the  cliffs  above,  seemed  to  be  pinched,  barren,  and  irregular  when 
followed  under  ground. 

LODES  OP  BURNS  GULCH. 

General. — Although  the  lodes  in  this  gulch  were  prospected  at  an 
earlj'  date  in  the  history  of  the  regicm  and  have  produced  some  ore, 
none  of  them  have  proved  permanently  productive. 

Tom  Moore  lode. — This  lode,  reported  to  have  been  located  in  1870, 
was  ]>eing  worked  in  1881,  and  then  produced  a  massive  galena  said  to 
carry  about  70  o^ces  of  silver.  Hut  its  development  has  been  slow 
and  intermittent.  Its  strike  is  X.  53°  E.  and  its  dip  XW.  68°.  The 
country  rock  is  a  rhyolitic  flow  ])reccia,  jmrt  of  the  Silverton  series. 
This,  when  examined  at  some  distance  from  the  lode,  is  a  light-gray 
rock  showing  very  conspicuous  mottling,  due  to  the  brecciation  which 
its  material  has  undergone.  Hoth  the  fragments  and  the  matrix  are 
essentially  of  rhyolitic  character,  although  an  occasional  andesitic 
particle  occurs.  The  rock  is  usually  streake<l  and  spotted  with  little 
nests  of  epi<lote.  The  microscope  shows  tliat  the  original  glassy  Ijase 
of  the  rock  has  Ix^en  largely  devitrifitMl  and  is  now  a  fine-grained 
granular  aggregate  in  wlii(*li  quartz  is  the  only  recognizable  constitu- 
ent. Phenocrysts  of  orthoclase  and  plagioclase  ai*e  abundant  and  are 
usually  partly  alt<»red  to  serieite.  Other  phenocrysts,  presumably 
ftu-roinagnesian  silicates,  have  ])een  cliang(Ml  to  aggregates  of  quartz 
and  epidote.  Areas  of  chlorite  represcMit  what  were  probably  former 
phenocrysts  of  biotite.  There  is  also  a  little  calcite  present.  The 
accessory  constituents  noted  are  allanitc*  and  titanite.  The  lower 
tunnel,  near  the  Animas  River,  shows  an  irregular  stringer  lead  with 
a  well-defined  gouge  slip  along  the  foot  wall.  Th(»  ore  shows  chiefly 
galena,  with  sphalerite,  chalcopyrile,  pyrite,  and  sometimes  teti'ahe- 
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drite,  in  a  quartz  gangue.  A  little  rhodochrosite  occurs  in  vugs.  The 
country  rock  alongside  the  lode  is  impregnated  with  pyrite  and  specks 
of  galena  to  a  greater  extent  than  is  usually  observed  in  this  region. 
AVlien  examin(Hl  in  thin  section  under  the  microscope,  it  is  seen  to  be 
;dtered  to  an  aggregate  of  quartz,  sericite,  and  ore,  trav(»rsed  b}-  vein- 
lets  of  quartz.  The  original  brecciated  structure  and  the  outlines  of 
many  of  the  fcddspar  phenocrysts  have  been  preserved  in  spite  of 
coinpl(»te  recrystallization.  The  feldspars  have  usually  been  altered 
to  aggregates  of  sericite. 

A  second  tunnel,  several  hundred  feet  above  the  lowest  opening, 
was  not  accessible.  The  dump,  however,  showed  that  this  i)ortion  of 
the  lode  was  originally  a  breccia  zone  in  the  rhyolite  which  became 
filled  with  ore,  accompanied  by  considerable  impregnation  and 
replacement  of  the  country  rock.  This  ore  dei)osit  was  itself  shat- 
tered and  veined  with  whit^  quartz,  carrying  little  or  no  ore. 

The  upper  tunnel,  200  feet  above  the  last,  was  being  worked  on  a 
small  scale  in  18ti8.  The  ore  streak  here  is  frozen  to  the  walls  and 
carries  no  quartz  save  in  some  small  later  strintrers,  often  accom- 
panied by  kaolin,  which  cut  the  ore,  and  in  a  few  drusy  vugs,  where 
it  is  sometimes  accompanied  by  a  little  pale-lilac  fluorite.  The  ore 
is  chiefly  tetrahedrite,  with  some  chalcopyrite  and  galena.  Sphaler- 
ite was  not  seen.  There  is  said  to  be  some  bismuth  present,  probably 
as  a  sulphobismuthite  of  lead,  and  the  occurrence  of  hubnerite  was 
noted  in  small  crystals  in  the  later  quartz  stringers.  The  width  of 
the  lode  is  usually  from  3  to  6  feet,  and  it  is  in  part  a  replacement  of 
the  rhyolitic  walls.  The  chalcopyrite  occurs  chiefly  in  the  middle 
portions  of  the  ore  stringers.  The  tetrahedrite  on  each  side  of  iv  is 
solid  for  a  short  distance  and  then  fades  off  into  the  altered  country 
rock  as  minute  veinlets  and  specks  associated  with  chalcopyrite  or 
p\rite.  Such  gangue  as  is  present  with  the  ore  is  altered  rhj^olitic 
flow  breccia,  consisting  chiefly  of  finely  crystalline  quartz  and  sericite. 
The  lode  is  thus  not  sharply  differentiated  from  the  country  rock  on 
each  side  of  it.  The  tetrahedrite  is  not  highlj'  argentiferous.  The 
first-elass  ore  runs  about  ^i>0  to  the  ton  and  the  second-class  about 
8-48.  The  chief  value  is  in  copper,  but  there  is  some  silver  and  a  lit- 
tle gold,  the  last  sometimes  in  visible  particles.  Free  copper  is  not 
uncommon  in  these  upper  workings,  but  is  confined,  as  far  as  is  known, 
to  tin*  small  stringers  of  younger  white  quartz  which  cut  the  ore. 
Tliese  sometimes  show  comb  structure,  and  the  copper  occurs  along 
with  the  medial  suture  of  the  stringers. 

The  middle  tunnel  is  said  to  have  furnished  ore  carrying  more 
galena  and  higher  in  silver,  with  subordinate  amounts  of  tetrahedrite, 
while  in  the  lowest  tunnel  tetrahedrite  was  rare. 

Siln'7'  IViny  mine. — This  property  comprises  several  lodes,  of  which 
one  is  the  northeast  extension  of  th(»  Tom  Moore.  Some  development 
of  these  loiles  was  in  progress  as  early  as  1880,  but  they  hav^e  never 
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been  successfully  worke^I.  An  extensive  tunnel  has  been  run  in  from 
the  Animas  River  near  the  mouth  of  liurns  Gulch,  and  a  costly  mill 
has  been  erected  1o  treat  the  ore  wlien  it  shouhl  be  found.  The  prop- 
erty became  involved  in  le^al  difficulties,  and  in  1809  all  work  had 
ceased  befoi*e  ore  had  b<?en  discovered  in  paying  quantities. 

LODES    OF    SUNNYSIDE    BASIN. 

General. — Although  the  Sunnyside  mine  is  the  only  one  in  the 
basin  now  producing,  there  are  several  other  large  lo<les  which  have 
in  the  past  produced  ore  from  superficial  workings.  In  the  general 
character  of  their  ores  they  show  much  similarity.  They  are  all  of 
prevailingly  low  grade,  although  the  Sunnyside  contains  mai^ses  of 
richer  ore  carrying  free  gold.  The  lodes  are  unusually  massive,  in 
some  cases  over  50  feet  wide,  and  all  carry  abinidant  rhodonite.  The 
ore  minerals  are  galena,  sphalerite,  chalcopyrite,  pyrite,  and  some- 
times tetrahedrite  and  free  gold.  The  ore  minerals  are  usually  rather 
evenly  scattered  through  a  quartz  gangue,  and  the  ores  are  more  sili- 
ceous and  the  galena  is  more  finely  crystalline  than  in  those  of  the 
Silver  Lake  Basin.  The  large  veins  at  the  head  of  Lake  £mma  are 
curved  and  show  abrupt  changes  in  their  courses.  The  cause  of  these 
irregularities  is  not  apparent. 

Sunnyside  mine, — Situated  in  the  basin  at  the  head  of  Eureka  Gulch, 
this  mine  enjoys  the  distinction  of  having  been  an  almost  continnous 
producer  from  the  first  discovery  of  the  region.  It  is  to-day  one  of 
the  few  mines  in  the  quadrangle  that  aix*  actively  working  on  a  con- 
siderable scale.  The  deposit,  like  many  another  prominent  lode  in 
the  district,  was  located  in  1873,  while  the  land  was  still  held  by  the 
Indians,  and  afterwards  i*elocated  when  the  San  Juan  country  was 
thrown  open  to  settlement  in  1874.  It  was  worked  as  a  prospect  in 
1875,  and  about  four  years  later  produced  considerable  ore.  Thomp- 
son Brothers  worked  the  mine  for  sev(?ral  years,  during  one  of  which 
they  are  said  to  have  taken  out  $385,000.  The  rich  gold  oi^e  which 
made  the  early  exploitation  profitable  finally  gave  out.  A  lO-stamp 
mill  was  erected  at  the  outlet  of  the  lake  and  an  attempt  was  made 
to  concentrate  the  lower-grade  ore.  The  effort  resulted  m  failure. 
Finally,  about  181K),  J.  IL  Terry  put  up  the  i)resent  mill  in  Eureka 
Gulch  and  operated  it  successfully.  About  1890  this  mill  was  con- 
nected with  the  mine  by  a  wire-rope  tramway.  In  1899  a  second  mill 
was  completed  at  P^ureka,  designed  to  relieve  the  work  of  the  upper 
mill  by  concentrating  the  lower  grades  of  ore  which  do  not  require 
amalgamation.  A  tramway  was  also  constructed  connecting  the  two 
mills. 

The  Sunnyside  lode  is  very  large — W  to  50  feet  in  width.  Its  gen- 
eral strike  is  about  N.  50"'  E.  and  it  dips  to  the  southeast  at  65°  or  70°. 
Toward  tlu*  northeast  it  passes  through  a  saddle,  where  it  is  known 
as  the  Sunnyside  Extension  lode,  and  continues  down  Placer  Gulch. 
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Southwest  of  the  Sunny  side  the  lode  becomes  the  Belle  Creole,  curves 
sharply  westward,  and  is  concealed  by  alluvium  at  the  head  of  Lake 
Emma.  A  short  distance  northeast  of  the  Sunnyside  lode,  and  nearly 
parallel  to  it,  is  the  No  Name  lode,  dipping  75°  to  the  southeast,  and 
joining  the  Sunnyside  in  the  Sunnyside  Extension  ground.  Between 
this  lode  and  the  Sunnyside  are  at  least  three  other  veins,  making  in 
all  a  very  large  body  of  low-grade  ore.  The  Sunnyside  vein  is  frozen 
to  the  walls,  and  gouge  is  usually  absent.  The  oi'e  minerals  of  the 
vein  are  galena,  sphalerite,  chalcopyrite,  pyrite,  tetrahedrite,  and  free 
gold,  in  a  gangue  of  quartz  and  rhodonite.  The  ore  streaks  occur 
irregularly  in  the  vein,  between  partitions  of  rhodonite.  As  a  rule 
the  ore  occurs  near  the  walls,  and  when  an  ore  shoot  pinches  on  one 
wall  it  usually  thickens  on  the  other.  The  best  ore,  carrying  free 
gold,  occurs  in  irregular  lenses  parallel  with  the  plane  of  the  lod(»  and 
sometimes  30  or  40  feet  in  diameter.  It  is  usually  associated  with 
rosin-colored  sphalerite  and  small  amounts  of  lilac  fluorite.  These 
are  regarded  as  useful  indications,  but  are  not  invariably  accompa- 
nied by  free  gold.  The  ore  has  been  brecciated  to  some  extent  since 
its  original  deposition  and  is  sometimes  traversed  by  a  network  of 
veinlets.  These  are  usually  filled  with  quartz  carrying  a  little  chal- 
copyrite. But  where  the  veinlets  traverse  rhodonite  they  are  often 
tilled  with  that  mineral  instead  of  quailz.  The  exact  relation  of  the 
rhodonite  *'  partitions"  to  the  ore  is  not  always  clear.  In  some  cases 
the  rhodonite  appears  to  form  the  mass  of  the  vein,  in  which  the  ore 
occurs  as  lenticular  bodies,  and  sometimes  lenses  of  rhodonit-e  ai-e  sur- 
rounded by  ore.  The  large  masses  of  rhodonite,  or  "pink,"  as  the 
miners  term  it,  are  never  regarded  as  ore,  although  they  are  not  des- 
titute of  the  ore  minerals.  The  material  is  rose-pink  in  color  on  fresh 
fracture,  very  compact,  and  exceedingly  tough  to  work.  It  always 
contains  a  little  quartz,  calcite,  and  rhodochrosite.  The  rhodonite 
sometimes  occurs  as  distinct  stringers  cutting  the  quartz  and  ore, 
while  in  other  places  it  may  be  seen  intimately  and  irregularly  inter- 
crystallized  with  them.  As  far  as  observed,  neither  the  rhodonite  nor 
the  ore  shows  any  regular  megascopic  structure,  such  as  banding, 
crust iticat ion,  or  comb  structure,  other  than  tbe  general  relationship 
ali'eadv  indicated. 

The  No  Name  lode  has  not  yet  been  commercially  worked.  Where 
seen  it  showed  about  (i  feet  of  quartz  and  ore  on  the  foot  wall  and 
about  4  feet  on  the  hanging  wall,  the  two  streaks  being  separated  ])y 
10  feet  of  rhodonite  (fig.  7,  p.  88).     The  ore  is  chiefly  galena. 

The  Sunnyside  is  worked  through  a  main  adit  tunnel  about  lOO  feet 
above  the  lake.  There  are  two  other  important  levels  above  the  pres- 
ent adit.  Underhand  stoping  is  employed,  resulting  in  empty  stopes 
of  great  height.  Fortuimtely  the  nature  of  the  country  rock  is  such 
that  the  men  working  in  the  bottoms  of  these  stopes  are  fairly  safe 
from  falling  material.     There  are  no  stopes  as  yet  l)elow  the  main  adit 
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level.  Ah  ih  too  often  tke  case  in  the  mines  of  this  re^on,  adequate 
maps,  showin«:  the  underground  workings  and  the  shapes  of  the  ore 
bodies  as  developed  up  to  date,  are  lacking. 

The  clii(»f  product  of  the  mine  is  in  gold  and  lead,  the  silver  aver- 
aging not  much  more  than  11  ounces  i)er  ton.  Ocx^asional  streaks  of 
tetrahedrite  may,  however,  carry  as  much  as  4()0  ounces.  The  ore  is 
carried  on  a  Finlayson  wire-rope  tramway  down  to  the  mill  in  Eureka 
Gulch.  This  mill  is  equippcMl  with  1  Blake  crusher,  15  stamps  of  650 
to  7CK)  pounds  weight,  dropping  55  to  00  times  a  minute,  3  Bartlett 
tables,  2  Wilfleys,  and  2  canvas  tables.  The  power  is  water.  The 
batteries  are  provided  with  one  amalgamated  copper  plate  each.  The 
capacity  of  the  mill  is  30  to  35  tons  daily.  In  1000  this  mill  was  not 
in  use,  and  all  the  ore  was  sent  down  on  a  Finlayson  tramway  to  the 
new  mill  at  Eureka,  originally  designed  for  a  concentrating  mill  and 
furnished  with  rolls.  The  equipment  of  this  mill  is  at  present  one  11 
by  15  Blake  crusher,  20  stamps,  3  Wilfley  tables,  and  5  Bartlett  tables. 
Power  is  supplied  by  2  Pelton  water  wheels. 

La  Belle  Creole. — This  claim  is  on  the  main  Sunnyside  lode,  which 
has  here  turned  so  as  to  strike  east  and  west,  dipping  south  75**.  The 
croppings  are  very  prominent  and  have  been  worked  by  open  cuts 
and  through  a  small  tunnel.  Several  pockets  of  good  ore  have  been 
taken  out  near  the  surface. 

The  Lake  daim  is  on  a  prominent  lode  just  north  of  Lake  Emma 
This  has  also  produced  some  good  ore  and  has  been  worked  by  an 
open  cut  and  small  shaft.  The  strike  of  the  fissure  is  N.  74°  W.,  and 
the  dip  practically  vertical.  The  continuation  of  this  lode  toward 
the  east  is  lost  beneath  the  talus.  On  the  west  it  appears  to  be  con- 
nected with  the  Greorge  Washington  lotle,  although  the  two  are  not  in 
line. 

The  Geonje  Washington  is  a  strong  lode,  striking  east  and  west 
and  dipping  south  70°.  It  also  has  been  superficially  worked  by  an 
op<Mi  cut  and  a  shallow  shaft.  In  1000  a  new  prospecting  shaft  had 
been  sunk  south  of  the  vein  and  a  crosscut  driven  across  the  latter, 
here  over  KM)  feet  wide.  Alx)ul  20  feet  of  very  compact  rhodonite 
was  cut  through  alK)ut  in  the  niiddl<»  of  the  vein,  and  alongside  the 
rhodonit(»,  on  the  north,  is  about  5  feet  of  ore,  carrying  in  places  as 
much  as  1»  ounces  of  gold.  Most  of  the  vein,  however,  is  of  low  grade. 
The  relation  of  the  rhodonite  to  the  ore  is  similar  to  that  descril)ed  in 
the  Sunnyside  mine.  The  George  Washington  vein  shows  no  gouge 
an<l  no  regular  walls.  The  ore  resembU^s  thai  of  the  Sunnyside  in 
general  mineralogi<»al  character,  but  p<Mhaps  carries  more  galena. 
The  lode  apparently  curves  and  passes  through  the  saddle  into  Ross 
Uasin,  down  which  it  is  easily  followed  by  its  remarkably  prominent 
<'ropping8. 

Hen  Franklin  mine. — This  is  an  enormous  lode  of  low-grade  ore, 
in  places  over  100  feet  in  width,  which  crosses  Eureka  Guloh  about 
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half  a  mile  below  Lake  Emma.  Its  strike  is  N.  43°  E.,  and  it  dips 
northwest  from  45°  to  60°.  This  mine  caused  considerable  excite- 
ment in  1883.  Two  tunnels,  20  and  80  feet  in  length,  had  been  run 
and  some  300  tons  of  ore  averaging  136  per  ton  had  been  taken  from 
the  longer  tunnel.  An  inclined  shaft  was  also  sunk  for  a  short  dis- 
tance on  the  lode.  The  ore  consists  of  sphalerite,  galena,  chalcopy- 
rit»e,  and  pyrite,  in  a  gangue  of  quartz  and  rhodonite.  Masses  of 
richer  ore,  carrying  tetrahedrite  and  native  silver,  are  said  to  have 
occurred  in  caves  within  the  lode.  A  road  was  built  up  Eureka 
Gulch  to  the  mine,  but  the  latter  did  not  fulfill  expectations  and  was 
abandoned. 

PLACER  GULCH  AND  TREASURE  MOUNTAIN  GROUP  OF  LODES. 

General. — As  may  be  seen  by  reference  to  the  map,  on  which  only 
a  few  of  the  most  prominent  viens  are  shown,  the  veins  of  this  areal 
group  form  a  complex  network  in  which  certain  dominant  directions 
of  Assuring  are  plainly  recognizable.  There  is  a  series  of  strong,  con- 
tinuous lodes,  represented  by  the  Sunnyside  and  Scotia  veins,  having 
a  general  course  of  about  N.  40°  E.  The  dip  of  these  is  southeasterly 
at  a  high  angle.  The  Scotia  lode  appears  to  be  a  very  persistent  one. 
There  is  good  reason  to  suppose  it  to  be  continuous  with  a  lode  which 
passes  up  Cinnamon  Creek  and  over  Wood  Mountain  to  the  Lake 
Fork  of  the  Gunnison.  A  second  system  of  shorter,  less  conspicuous 
veins  crosses  the  first  series  almost  at  right  angles,  with  a  course 
approximately  N.  55°  W.  These  are  nearly  vertical,  but  the  majority 
of  them  dip  southwest  at  high  angles.  Whether  they  are  older  or 
younger  than  the  dominant  northeast  veins  could  not  be  satisfactorily 
determined  with  the  exposures  at  hand,  although  some  of  them  appear 
to  cut  the  Scotia  lode.  A  third  system  of  transverse  veins,  repre- 
sented by  the  Golden  Fleece,  has  a  course  about  N.  75°  E.,  with 
usually  steep  southerly  dip.  .Besides  the  three  systems  already  noted, 
there  is  a  very  prominent  set  exposed  at  the  head  of  Placer  Giilch, 
which  have  an  average  trend  of  about  N.  25°  E.  Their  dip  is  usually 
steep  and  easterly.  They  resemble  in  character  the  great  Sunnyside 
lode,  and  in  most  crises  are  branches  of  the  latter,  forming  with  it  a 
fan-like  group  somewhat  similar  to  that  previously  described  in  Silver 
Lake  Basin. 

There  are  several  other  lodes  in  this  area  which  do  not  strictly 
belong  with  any  of  the  systems  noted.  Sev  eral  of  them  have  a  nearly 
east-and-west  strike  and  might  perhaps  be  grouped  together,  or  pos- 
sibly included  with  veins  of  the  Golden  Fleece  system. 

The  country  rock  of  all  these  lodes  is  in  the  main  the  Silverton 
series,  with  a  few  masses  of  intrusive  rhyolite. 

The  Sunnyside  Extension  lode  and  those  just  described  as  its 
branches  resemble  very  elosel}'  those  in  the  Sunnyside  Basin.  They 
are  for  the  most  part  strong,  heavy  lodes  with  bold  outcrops,  to  which 
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the  abundant  rhodonite,  by  oxidation,  generally  gives  a  black  color. 
Underground  it  is  seen  that  these  lodes  are  as  a  rule  composed  of 
alternating  bands  or  streaks  of  ore  and  barren  pink  rhodonite.  The 
ore  Indies  may  vary  from  a  few  inches  up  to  30  feet  in  i^idth.  They 
are  sometimes  continuous  for  long  distances,  but  are  elsewhere  plainly 
lenticular.  The  miner  has  sometimes  followed  a  single  ore  streak  for 
a  considerable  distance  without  suspecting  that  another  ore  body  lay 
close  alongside,  separated  from  him  by  a  partition  of  rhodonite.  The 
ore  streaks  frequently  show  irregular  banding,  by  deposition,  and 
often  contain  small  vugs.  The  ore  minerals  are  sphalerite,  galena, 
pyrite,  chalcopyrite,  free  gold,  sulphobismuthites  of  lead  and  silver, 
and  sometimes  small  amounts  of  tet  railed  rite,  molybdenite,  native  sil- 
ver, and  native  copper.  The  sphalerite  varies  from  dark  brown  to 
rosin-yellow  in  color,  and  usually  about  equals  the  galena  in  amount, 
and  exceeds  the  other  ore  constituents.  The  light-colored  zinc  blende 
often  accompanies  ore  rich  in  free  gold.  The  gangue  is  quartz,  rho- 
donite, and  locally  a  little  fluorite  and  calcite.  The  rhodonite,  which 
forms  the  *' partitions  of  pink"  between  the  ore  bodies,  is  tough  and 
compact,  and  varies  from  light  pink  to  rose-red  in  color.  It  is  always 
poor  in  ore  minerals  when  it  occurs  in  large  masses,  but  small  amounts 
of  rhodonite  may  be  embedded  in  the  richest  ore. 

In  spite  of  the  banding  on  a  large  scale  shown  by  the  veins,  they 
are  as  a  rule  simple,  thick  plates  of  vein  filling,  frozen  to  the  walls 
and  containing  very  few  horses  of  country  rock.  Of  low  grade  as  a 
whole,  they  have  hitherto  been  mined  for  the  richer  portions,  carrying 
free  gold. 

Sunny  side  Extension  mine. — This  proi>erty  joins  the  Sunnyside  on 
the  northeast,  and  is  on  the  same  lode.  The  main  lode  dips  southeast 
about  75°.  Just  northwest  of  it  is  a  second  lode,  nearly  parallel  and 
bearing  to  it  a  relation  similar  to  that  which  the  No  Name  bears  to 
the  Sunnyside.  This  second  lode  also  dips  southeasterly,  but  in 
places  it  is  as  flat  as  40°.  It  probably  joins  the  Sunnyside  vein  in 
depth. 

The  Sunnyside  Extension  mine  was  first  extensively  worked  in  1886, 
when  $3,905  worth  of  ore  was  shipped.  It  was  worked  steadily  until 
1892,  producing  in  all  8337,087.  After  a  short  intermission  it  was 
again  worked  up  to  about  1897,  but  the  ()uti)ut  for  this  period  is  not 
known.  The  mine  is  now  (1900)  being  again  reopened.  The  ore 
resembles  in  general  character  and  occurrence  that  of  the  Sunnyside 
mine,  but  is  more  irregular  in  its  distribution.  There  are  three  main 
levels,  all  connecting  with  the  surface  by  adit  tunnels.  Above  level 
2  is  a  slope  about  30  feet  wide,  i^)0  feet  long  and  125  feet  high,  which 
is  said  to  have  been  practically  all  ore.  Some  very  rich  ore  has  l)een 
taken  from  this  mine,  carload  lots  running  as  high  as  74  ounces  of 
gold  p<'r  ton,  together  with  silver  and  lead.  The  gold  occurred  very 
largely  free,  and,  as  in  the  Sunnyside,  was  limited  to  certain  pockets 
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or  bunches  within  the  mass  of  the  otherwise  low-grade  vein.  Speci- 
mens of  this  ore  in  the  possession  of  Mr.  Rasmus  Hanson,  of  Eureka, 
showed  the  gold  scattered  through  masses  of  friable  spongy  quartz, 
and  also  as  implanted  crystals  on  the  quartz  crystals  of  drusy  cavi- 
ties or  vugs.  It  also  occurs  embedded  in  a  dark-gray  mineral  locally 
termed  "graphite,"  but  which  in  reality  is  molybdenite,*  in  a  sulpho- 
bismuthite  of  lead  and  silver  not  specifically  determined,  and  also  in 
light-yellow  zinc  blende.  A  little  native  silver  sometimes  occurs  with 
the  gold,  and  some  native  copper  was  in  the  upper  workings.  The 
gen.  ral  mineralogy  of  the  vein  is  identicAl  with  that  of  the  Sunnyside. 

The  Sunnyside  Extension  (Hanson's)  mill,  erected  in  1889  near  the 
head  of  Placer  Gulch,  is  equipped  with  a  Blake  crusher,  20  750-pound 
stamps,  dropping  9  inches  at  64  to  the  minute,  4  Gilpin  County  shak- 
ing tables,  and  2  Woodbury  tables.  The  mill  was  driven  by  st^am 
and  has  a  capacity  of  47  tons  per  day.  Ore  was  brought  down  to  the 
mill  on  a  Huson  tramway  2,300  feet  in  length,  with  61  buckets  and  a 
daily  capacity  of  175  tons. 

The  Mastodon  is  on  the  same  lode  as  the  Sunnyside  Extension  mine, 
and  lies  just  northeast  of  the  latter.  This  claim  has  never  been  exten- 
sively developed.  It  is  known  to  contain  some  rich  silver  ore,  but 
this  is  iiTegularly  distributed  through  the  large  low-grade  lode.  A 
maas  of  this  ore,  consisting  chiefly  of  an  argentiferous  sulpho- 
bismuthite  of  lead  in  a  fine  aggregate  of  quartz  and  barite,  was 
assayed  by  Mr.  Hanson  and  found  to  carry  400  ounces  of  silver.  The 
sulphobismuthite  occurs  as  a  bright  lead-gray  mineral,  finely  dissem- 
inated through  the  quartz  and  barite,  or  in  minute  ragged  prismatic 
crystals.  It  is  not  practicable  to  obtain  the  mineral  in  sufficient 
purity  and  quantity  to  warrant  quantitative  chemical  analysis,  by 
which  alone  the  mineral  species  could  be  determined. 

The  Mastodon  mill  was  one  of  the  earliest  to  be  constructed  in  the 
district.  In  1899  it  had  been  repaired  and  was  working  on  ore  from 
the  Silver  Queen  mine.  Its  present  equipment  is  a  Blake  crusher, 
2  sets  of  rolls,  1  Huntington,  1  double  compartment  jig,  2  sets  of 
revolving  screens,  1  large  Jiartlett  table,  2  "double-deck"  Wilfleys, 
and  4  slime  tables.     Its  capacity  was  said  to  be  35  tons. 

Silver  Queen. — This  is  a  small  mine  at  the  head  of  Placer  Gulch 
and  about  one-fourth  mile  east  of  the  Sunnyside  Extension.  The  lode 
is  somewhat  irregular,  but  appears  to  strike  about  N.  10°  W.  Its  dip 
is  to  the  west  and  unusually  flat  for  this  region,  being  near  40°.  Con- 
siderable work  has  been  done,  but  in  a  most  unsystematic  manner. 
The  ore  seen  showed  galena,  pyrite,  chalcopyrit^,  tetrahedrite,  and 
sphalerite,  in  a  gangue  of  quartz  and  rhodonite,  with  a  little  rhodochro- 
site.  It  is  also  said  to  carry  some  free  gold.  This  mine  has  produced 
some  good  ore,  but  how  much  is  not  known.     The  silver  is  said  to 

1 T.  A.  Rickard  has  erroneously  referred  to  this  as  graphite,  snppoeinK  that  it  aided  in  precip- 
itating the  ore.  See  The  Enterprise  mine,  Rico,  Colorado:  Trans.  Am.  Inst.  Min.  Eng.,  Vol.  XXVT, 
1897.  pp.  976-977. 
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have  occurred  largely  in  combiuatioii  with  bismuth,  probably  as 
a  sulphobisniuthite  of  lead  and  silver.  In  1899  a  crosscut  was 
being  driven  to  cut  the  extension  of  the  Sound  Democrat  lode  to  ihe 
eastward. 

Hidden  Treasure,  Pride  of  the  Rockies,  etc, — These  claims  are 
located  on  lodes  lying  radially  in  the  angle  between  the  Silver  Queen 
and  the  Sunnyside  Extension.  They  have  been  prospected  in  a  small 
way  and  have  produced  inconsiderable  amounts  of  ore.  According 
to  Mr.  Rasmus  Hanson,  ore  from  the  Hidden  Treasure  vein  has  assayed 
300  ounces  of  silver  and  4  ounces  of  gold  per  ton.  In  their  general 
character  these  lodes  resemble  the  others  of  this  group  already 
described.  The  lodes  at  the  head  of  Placer  Gulch  are  exceedingly 
numerous,  and  those  named  or  those  indicated  on  the  map  comprise 
merely  a  few  of  the  more  prominent  ones. 

Sound  Democrat, — This  also  is  a  small  mine  which  was  being  devel- 
oped in  1899.  The  principal  lode  strikes  N.  20°  E.  and  dips  northwest 
about  G8°.  The  portion  of  the  lode  now  being  worked  is  very  irregu- 
lar, the  ore  occurring  in  bunches,  as  if  the  lode  had  been  broken  up 
and  the  parts  displace^d.  Much  of  the  irregularity  is  apparently  due 
to  the  fact  that  two  or  more  transverse  or  intersecting  lodes  occur  in 
the  workings.  Owing  to  the  absence  of  maps  and  the  small  scale  of 
the  present  workings,  it  was  impossible  to  make  a  satisfactory  study 
of  the  ore  bodies.  In  its  general  mineralogical  character  the  lode 
resembles  the  Sunnyside.  The  ore  shows  pyrit«,  sphalerite,  galena, 
chaleopyrite,  an<l  free  gold,  in  a  gangue  of  quarts  and  rhodonite,  and 
a  little  rhodochrosite.  A  gray  metallic  mineral  occurring  in  minute 
partic^les  in  some  of  the  ore  is  probably  one  of  the  sulphobismuthites 
of  lead.  Gold  is  the  most  important  constituent,  and  occurs  free  in 
fine  particles  in  the  quartz  and  in  the  pyrite.  Chaleopyrite  is  not 
abundant,  and  when  present  is  regarded  as  an  indication  of  the  pres- 
ence of  gold.  The  galena  in  the  best  ore  occurs  in  such  fine  particles 
as  to  make  its  recognition  difficult.  Quartz  is  the  principal  gangue 
mineral,  and  often  shows  small  vugs.  In  1899  the  ore  of  the  Sound 
Democrat  was  l)eing  packed  on  burros  to  the  upper  Sunnyside  mill 
in  Eureka  Gulch  and  there  treated. 

Scotia  lode. — This  is  a  very  prominent  lode,  which  outcrops  along 
the  southeast  slope  of  Treasure  Mountain.  It  is  probable  that  the 
same  fissure  or  fissure  zone  crosses  the  Animas  River  and  extends  up 
Cinnanum  Gulch  and  over  the  southeast  shoulder  of  Wood  Mountain. 
Its  strike  on  Treasure  Mountain  is  X.  43°  E.  and  it«  dip  about  75°  to 
the  southeast.  It  is  occupied  by  a  large  low-gi-ade  lode,  with  a  more 
or  less  black  outcrop,  owing  to  the  oxidation  of  the  rhodonite  of  which 
it  is  partly  composed.  Although  prospected  at  many  points,  it  has 
not  been  profitably  worked.  The  Scotia  claim  has  produced  some 
high-grade  ore,  but  it  has  come  from  a  small  transverse  vein,  the 
Golden  Fleece. 
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Oolden  Fleece  vein, — This  is  a  very  small  and  tight  vein  which  has 
produced  some  rich  free-gold  ore.  The  strike  of  the  vein  is  N.  75°  E. 
and  its  dip  about  75°  to  the  south.  Its  width  varies  from  a  fraction 
of  an  inch  to  G  inches,  and  it  is  unaccompanied  by  gouge.  Although 
so  small,  the  vein  is  remarkably  regular  and  has  been  extensively 
stoped.  As  it  approaches  the  Scotia  lode  it  breaks  up  into  stringers 
and  grows  poor.  This  splitting  up  of  the  vein  into  stringers  as  it 
approaches  the  Scotia  lode  is  at  least  an  indication  that  the  latter  is 
older.  ^  Toward  the  east  it  bends  southward  and  joins  the  Golden 
Fleece  extension,  a  low-grade  lode  approximately  parallel  with  the 
Scotia.  The  ore  of  the  Golden  Fleece  is  free  gold,  which  occurs  in 
beautiful  dendritic  forms  made  up  of  thin  branching  plates  of  gold 
embedded  in  a  gangue  of  quartz  with  some  pale-pink  rhodochrosite. 
The  quartz  near  the  gold  is  usually  dark  colored,  and  this  darker 
shade  is  apparently  due  to  the  presence  of  extremely  minute  particles 
of  pyrite,  galena,  and  sphalerite,  and  possibly  other  ore  minerals. 
The  gold  occurs  both  in  the  quartz  and  in  the  rhodochrosite.  Some 
l)eautiful  specimens  of  rich  gold  ore  from  this  little  vein  were  seen  in 
the  possession  of  Mr.  Hanson,  of  Eureka,  who  worked  the  vein  for 
years.  The  product  was  all  sorted  and  shipped  as  crude  ore.  There 
was  no  work  in  progress  in  1899  when  I  visited  the  mine,  but  a  i^esump- 
tion  of  mining  was  reported  in  1900. 

San  Juan  Queen, — This  is  a  prospect  in  Picayune  Gulch  just  south- 
east of  the  Scotia  and  Golden  Fleece  mines.  The  lode  strikes  N.  83°  E. 
and  dips  south  about  80°.  Its  average  width  is  from  3  to  4  feet.  The 
ore  consists  of  pyrite,  galena,  sphalerite,  and  a  little  free  silver,  in  a 
gangue  of  quartz  with  some  rhodonite.  Much  of  the  galena  is  very 
finely  crystalline,  giving  a  dark-gray  tint  to  the  quartz.  The  prospect 
has  been  developing  for  about  seven  years,  and  has  shipped  about  10 
tons  of  ore.  The  best-grade  ore  is  said  to  carr}'^  about  5^  ounces  of 
gold  and  180  ounces  of  silver. 

Tcltec  lode, — This  is  a  prominent  lode  on  the  ridge  east  of  the  upper 
part  of  Picayune  Gulch.  Its  course,  N.  40°  E.,  is  nearly  parallel 
Avith  that  of  theSunnyside  and  the  Scotia.  It  dips  northwest  at  from 
50°  to  60°.  It  has  not  been  worked  on  any  extensive  scale  and  is  low 
grade.  In  the  Toltec  claim  the  vein  is  in  places  about  GO  feet  wide, 
of  solid  quartz  carrying  finely  disseminated  pyrite,  with  a  more  heav- 
ily mineralized  streak  carrying  galena,  sphalerite,  and  chalcop3'^rite 
near  the  hanging  wall.  An  upper  tunnel  on  this  claim  has  afforded 
some  coarsely  crystalline  galena  resembling  more  the  ores  of  the  Sil- 
ver Lake  Basin  than  those  usually  found  in  this  vicinity.  The  Toltec 
was  idle  in  1899,  and  has  never  emerged  from  the  condition  of  a  pros- 
pect. Farther  southwest  the  vein  carries  abundant  tetrahedrite,  prob- 
ably in  bunches. 

Mountain  Queen  mine, — Situated  at  the  head  of  California  Gulch, 


Soe  von  Cotta:  ErslAgeratfttten,  Freiberg*  l^SO,  p.  115. 
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lower  adit  tunnel,  and  an  unknown  extent  of  drifts.  The  mine  never 
proved  successful,  and  has  been  idle  for  ten  or  fifteen  years.  No 
examination  of  the  underground  workings  was  possible  in  1899. 

The  Red  Cloud  lode  is  a  very  strong  one.  It  passes  through  the 
saddle  just  east  of  Tuttle  Mountain,  where  its  individuality  is  some- 
what obscured  by  a  multitude  of  intersecting  veins.  It  appears,  how- 
ever, to  continue  along  the  southeast  slope  of  Tuttle  Mountain  and 
to  form  one  member  of  the  remarkable  plexus  of  veins  about  I^ke 
Como.  Towaixl  the  northeast  it  passes  through  the  Ben  Butler  claim 
and  over  the  dividing  ridge  between  the  Animas  River  and  Henson 
Creek  drainage.  At  the  Red  Cloud  mine  the  lode  is  split  into  several 
members,  of  which  the  three  most  prominent  are  indicated  on  the 
map.     The  mine  is  located  on  the  western  or  main  fissure. 

Inspection  of  the  dumps  shows  that  much  of  the  ore  ori^nally  filled 
a  brecciated  zone  in  rhyolite.  The  ore  contains  galena,  often  dissemi- 
nated in  minute  particles  through  the  quartz,  sphalerite,  ehalcopy- 
rite,  and  pyrite,  in  a  quartz  and  rhodonite  gangue.  Some  of  the  pyrite 
has  the  radial  structure  usually  taken  as  indicative  of  mareasite. 
(See  p.  77;  also  PI.  XI  C\)  Ruby  silver  (proustite)  is  also  reported. 
The  crude  ore  is  said,  to  have  contained  about  $40  and  the  concen- 
trates about  $15  per  ton.  The  process  of  ore  deposition  was  attended 
by  much  alteration,  impregnation,  and  possibly  some  replacement  of 
the  country  rock.  Subsequently  the  ore  was  brecciated  by  renewed 
movement  along  the  fissure  and  recemented  by  quartz  carrying  small 
amounts  of  sphalerite  and  galena. 

Ben  Butler  mine, — This  is  a  prospect  on  the  same  lode  as  the  Red 
Cloud.  The  lode  dips  southeast  about  75°.  It  is  less  evidently 
brecciated  than  in  the  Red  Cloud.  The  country  rock  is  andesite. 
The  ore  shows  much  sphalerite,  with  galena,  pyrite,  and  ruby  silver 
(proustite),  in  a  quartz  gangue.  The  different  ore  minerals  are  not 
uniformly  distributed  through  the  lode,  but  are  more  or  less  concen- 
trated into  zones  or  bands.  The  best  ore  is  the  very  finely  crystallized 
galena  and  ruby  silver  in  a  quartz  gangue.  This  galena,  minutely 
disseminated  through  the  quartz,  is  called  "brittle  silver"  by  the 
miners,  but  chemical  examination  shows  that  this  name  is  erroneously 
applied.  These  two  minerals  are  practically  confined  to  two  streaks 
4  to  8  inches  wide.  The  lode  is  a  large  one,  and  the  walls  are  not 
exposed  in  the  workings.  The  latter  are  100  feet  in  depth  and  opened 
througli  an  inclined  shaft.  The  shipping  ore  is  said  to  run  about  40 
ounces  of  silver,  40  per  cent  of  lead,  and  a  little  gold,  which  some- 
times amounts  to  4  ounces  per  ton.  VV^ork  on  this  property  was  in 
progress  in  a  small  way  in  1809  and  1000,  and  a  tunnel  was  being  run 
to  cut  the  lode  at  greater  depth. 

Uncxnnpalujre  Chief  claim. — This  prospect,  about  a  quarter  of  a 
mile  southwest  of  the  Ben  Butler,  on  an  approximately  parallel  lode, 
had  a  shaft  50  feet  deep  in  1899.     The  vein  is  in  two  main  branches, 
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25  feet  apart,  and  dips  southwesterly  at  about  75°.  The  ore  near  the 
surface  consisted  of  tetrahedrite,  presumably  argentiferous,  and  a 
little  galena,  in  a  quartz  gangue.  The  tetrahedrite  is  erroneously 
termed  "brittle  silver"  by  the  prospectors.  Another  mineral  of 
bright  metallic  luster  and  gray  color  occurs  near  the  surface.  It  is 
usually  in  small,  more  or  less  radially  grouped  prisms  in  the  quartz 
and  is  locally  termed  "star  silver."  It  proves  to  be  a  sulphobis- 
muthite  of  lead  and  copper,  probably  ai'gentiferous.  The  ore  in  the 
bottom  of  the  shaft  is  pyrite  in  a  quartz  gangue.  A  little  chalco- 
pyrite  and  rhodocrosite  in  small  vugs  were  also  observed. 

Bill  Young  mine, — This  mine,  just  east  of  the  dismantled  town  of 
Mineral  Point,  is  on  the  easternmost  of  the  three  lodes  which  join  on 
the  summit  of  Mineral  Point  knob.  It  produced  some  ore  about  1876 
and  was  worked  to  a  considerable  extent,  but  it  has  been  idle  for 
many  years  and  few  data  concerning  it  could  be  secured. 

San  Jvxin  Chief  mine, — This  mine  is  on  a  very  prominent  lode 
striking  N.  40°  E.  and  dipping  southeast  at  about  75°.  It  is  crossed 
by  a  second  lode  striking  about  N.  60°  E.,  also  dipping  steeply  south- 
east. The  present  developments  consist  of  a  shaft  300  feet  deep, 
sunk  at  the  intersection  of  the  two  lodes,  and  a  crosscut  and  drift  at 
the  300-foot  level.  The  work  has  been  unsystematically  done  and 
without  accurate  surveys  or  maps.  No  ore  has.  yet  been  found  in 
these  workings,  and  it  is  highly  probable  that  the  drifting  has  all  been 
done  on  the  Imrren  intersecting  lode  and  not  on  the  San  Juan  Chief 
lode  at  all.*  The  latter  has  produced  in  all  nearly  ^75,000  from  open 
cuts  and  shallow  shafts.  The  ore  from  these  is  very  siliceous  and 
consists  of  quartz  and  pyrite  with  a  little  tetrahedrite.  The  British 
Queen  claim,  which  joins  the  San  Juan  Chief  on  the  northeast,  has 
produced  some  gold  ore  from  an  open  cut,  the  gold  occurring  in  finely 
disseminated  pyrite  in  quartz. 

In  spite  of  its  small  output  and  the  fact  that  no  ore  body  has  yet 
been  systematically  developed  in  depth,  this  mine  has  been  equipped 
with  substantial  buildings  and  expensive  machinery.  The  present 
mill  is  the  second  one  that  has  been  erected  and  has  never  worked  on 
pay  ore  from  the  San  Juan  Chief.  In  1899  it  was  supplied  with  two 
roasting  furnaces,  a  Blake  crusher,  rolls,  15  stamps,  and  lixiviation 
vats.  In  1900  the  vats  had  been  removed  and  3  Cammett  tables  and 
a  canvas  plant  substituted.  These  were  running  on  ore  from  the  Ben 
Butler.     The  power  is  steam. 

Polar  Star  mine. — This  property,  situated  on  Engineer  Mountain, 
has  been  more  thoroughly  exploited  than  any  other  in  the  vicinity. 
The  average  strike  of  the  lode  is  about  N.  25°  E.,  with  a  dip  of  about 
75°  to  the  southeast.     The  croppings  on  the  Polar  Star  claim  show 

>  The  mine  was  closed  in  1900,  bat  I  was  informed  that  the  main  lode  had  been  found  by  crofls- 
oatting  on  the  310-foot  level.  The  ore,  however,  ran  only  $8  or  $10  per  ton.  It  is  reported  to 
be  80  feet  wide. 
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very  little  solid  quartz,  and  the  ore  occui's  in  a  breccia  zone  in  a  latitic 
andesitc.  The  mine  was  worked  in  the  late  seventies  and  early 
eighties,  and  was  idle  in  1899.  The  workings  were  then  blocked  with 
ice  and  inaccessible. 

From  the  material  on  the  dump  it  is  evident  that  the  ore,  after  fill- 
ing the  interstices  in  the  brecciated  zone  of  country  rock,  was  itself 
shattered  by  later  movement  and  cement.ed  by  white  quartz.  The  lode 
in  the  lower  workings  was  apparently  not  accompanied  by  much  gouge 
and  did  not  possess  regular  walls.  The  ore  is  said  to  have  consisted 
chiefly  of  ruby  silver  and  argentite  in  the  upper  workings  It  was 
practically  free  from  lead,  although  a  little  galena  occurs  in  the  vein 
and  some  specimens  of  galena  ore  were  seen  from  near  the  southwest 
end  of  the  claim,  next  to  the  Mammoth.  The  ruby  silver  occurred  in 
pockets  in  the  lode.  In  the  lower  workings  the  high-grade  silver  ore 
is  said  to  have  changed  abruptly  to  an  ore  consisting  chiefly  of  pyrite 
in  quartz,  carrying  about  12  ounces  of  silver  per  ton,  with  no  gold.  A 
similar  change  is  said  to  have  been  experienced  in  all  the  mines  on 
Engineer  Mountain. 

The  country  rock  immediately  alongside  of  and  included  in  the 
Polar  Star  lode  has  been  bleached  and  altered  by  the  ore- bearing  solu- 
tions and  transformed  to  a  mixture  of  quartz,  kaolin,  and  p>Tiie. 
The  nature  of  this  ^.Iteration  is  discussed  on  pages  120-124. 

The  ore  from  the  Polar  Star  was  hauled  in  wagons  down  to  the 
Crooke  mill  on  the  Animas,  near  the  mouth  of  Boulder  Gulch,  and 
there  treated  by  the  Augustine  process.  It  seems  to  have  been  well 
adapted  to  this  treatment,  a  saving ot  about  95  percent  l)eing  reported. 

Other  mines, — The  Mammoth,  Syracuse  Pride,  and  Annie  Wood 
are  all  mines  on  the  southern  slope  of  Engineer  Mountain  upon  which 
considerable  work  has  been  expended  but  which  are  now  idle.  The 
Mammoth  is  on  a  branch  of  the  Polar  Star  lode,  which  here  shows 
croppings  of  solid  quartz  nearly  12  feet  in  width,  dipping  southeai^t 
at  yO"".  The  lode  material  as  seen  on  the  dump  is  generally  similar  to 
that  of  the  Polar  Star.  This  mine  is  reported  to  have  yielded  about 
$30,000  in  silver  and  gold.  The  Mint  reports  give  its  total  product 
for  1891  and  1892  as'  l?25,655.  According  to  the  reports  of  the  Tenth 
Census,  stephanite  (true  brittle  silver)  occurred  in  the  Annie  \Vood 
and  Mammoth  mines,  together  with  freibergite,  ruby  silver,  and  sul- 
phide of  bismuth.  It  is  quite  possible,  however,  that  this  is  an  error, 
due  to  the  very  loose  use  of  the  term  '*  brittle  silver"  by  the  miners. 
The  Mammoth  and  Polar  Star  are  often  asserted  to  be  on  the  San  Juan 
Chief  lode.  As  may  be  seen  by  reference  to  the  map,  where  the  lodes 
are  plotted  as  accurately  as  the  scale  and  topography  will  allow,  this 
assertion  is  improbable.  They  are  probably  overlapping  fissures. 
The  Syracuse  Pride  shipped  ore  to  Crooke  &  Co.,  in  Lake  City,  dur- 
ing 187(5,  and  is  credited  with  a  product  of  *10,000  in  1890,  but  the 
mine  was  never  successful.     Some  ore  was  found  in  the  upper  work- 
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ings  and  a  shaft  sunk  to  cut  the  lode  at  depth,  but  no  ore  was  found, 
and  there  is  some  doubt  whether  the  ore-bearing  vein  was  ever  cut  in 
the  lower  workings. 

The  Black  Silver,  on  the  crest  of  Engineer  Mountain,  east  of  the  sum- 
mit, was  developed  by  a  shaft  and  several  tunnels  run  in  on  the  north 
slope  of  the  mountain.  The  lode  strikes  N.  38°  E.,  and  dips  north- 
west at  about  75°.  It  is  18  inches  to  2  feet  in  width,  and  in  general 
charH(*ter  closely  i-esembles  the  Polar  Star.  Some  very  rich  silver  ore 
was  formerly  extracted  near  the  surface. 

The  Mohawk,  on  the  north  side  of  Engineer  Mountain,  was  not  vis- 
ited.    It  was  not  working  in  1899  and  1900. 

The  Sunset,  on  the  southwest  slope  of  Engineer  Mountain,  is  a  small 
mine  which  has  shipped  a  few  tons  of  ore.  The  lode  strikes  N.  25°  W., 
and  dips  southwest  at  an  angle  of  75°  to  80°.  It  is  4  to  5  feet  wide 
and  consists  of  gouge,  crushed  decomposed  rock,  and  bunches  of  quartz 
and  ore.  The  country  rock  is  a  rather  coarsely  porphyritic  altered 
aud(»site,  like  that  of  the  Polar  Star.  The  ore  consists  chiefly  of  tet- 
rahedrite  and  pyrite  in  a  gangue  of  quartz,  with  some  kaolin. 

The  Wewissa  is  a  small  mine  or  prospect  on  the  western  spur  of 
Engineer  Mountain,  and  is  credited  with  a  production  of  about  ♦13,000 
in  1S90.  It  was  shipping  a  galena  and  tetrahedrite  ore,  carrying  sil- 
ver, in  1899,  the  ore  being  taken  by  burros  and  wagons  to  Ouray.  The 
lode  is  irregular  and  is  not  extensively  worked. 

Tlie  Early  Bird,  on  the  north  slope-.of  Houghton  Mountain,  is  on  a 
small  and  irregular  vein  striking  N.  12°  E.  and  dipping  75°  to  the 
east.  The  ore  is  tetrahedrite  and  a  little  galena  in  a  gangue  of  quartz, 
wliich  is  in  part  a  replacement  of  the  andesitic  country  rock.  The 
tetrahedrite^  carries  as  much  as  300  ounces  of  silver,  and  gold  up  to  7 
ounces  i)er  ton  is  occasionally  met  with  in  small  amounts.  The  pros- 
pect has  produced  11  carloads  of  ore  ranging  in  value  from  $19  to  $100 
a  ton.  East  of  the  Early  Bird  are  two  prominent  lodes  striking 
about  northeast,  one  of  which,  the  Denver,  has  produced  a  little  ore. 

The  London,  formerly  worked  through  a  shaft  near  the  road,  north 
of  Houghton  Mountain,  is  now  abandoned.  It  is  reported  to  have 
pixxluced  some  ore  canying  3  ounces  of  gold  per  ton. 

LODES  OF  HENSON  CREEK. 

(reneral, — In  the  northeast  corner  of  tlie  ([uadrangle  are  several  old 
locations,  some  of  which  have  produced  ore  in  considerable  quantity, 
but  at  tlie  present  time  active  work  is  limited  to  prospecting  on  a 
small  scale. 

Frfufli  Hough  mine. — This  mine,  situated  in  American  Flats,  under 
th(»  northern  slope  of  Engineer  Mountain,  began  work  early  in  188'J 
on  large  and  irn»gular  bodies  of  argentiferous  and  auriferous  copper 
ore.  During  1SS:2  the  mine  was  worked  through  a  shaft  250  feet  deep, 
with  drifts  at  50,  80,  140,  and  2CM)  feet  below  the  surface.     The  lower 
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drift  was  run  nearly  GO  feet  in  solid  ore  and  100  tons  were  extracted 
in  running  it.  During  this  year  some  60  tons  of  ore  were  shipped, 
carrying  from  50  to  GO  ounces  of  silver  and  25  to  27  per  cent  copper. 
The  gold  varied  from  a  trace  up  to  about  one-fourth  ounce  per  ton. 
A  road  was  built  to  the  mine  and  a  great  production  was  looked  for. 
When  the  shaft  had  reached  a  depth  of  350  feet  the  mine  buildings 
were  destroyed  by  fire  and  the  mine  has  since  lain  idle.  In  all  about 
2,000  tons  of  high-grade  copper  and  silver  ore  were  shipped.*  From 
the  accounts  of  Mr.  J.  S.  Hough,  who  operated  the  mine,  the  ore  body 
seems  to  have  been  an  irregular  impregnation  or  replacement  deposit 
alongside  a  fissure.  The  country  rock  is  a  fine-grained,  soft,  tuffa- 
ceous  sandstone,  probably  of  andesitic  origin.  Near  the  ore  body  it 
is  hardened  and  impi*egnated  with  pyrite.  This  material,  when  thrown 
on  the  dump,  weathers  to  a  soft,  crumbling  mass,  stained  with  the 
carbonates  of  copper.  The  strike  of  the  fissure  is  N.  23°  E.,  and  the 
dip,  according  to  Mr.  Hough,  about  45°  to  the  west. 

Judging  from  specimens  collected  on  the  dump,  the  ore  of  the  Frank 
Hough  consists  chiefly  of  chalcocite,  often  Intimately  intergrown  with 
quartz,  associated  with  a  little  chalcopyrite.  There  is  possibly  some 
tetrahedrite  present  with  the  chalcocite. 

Palmetto  mine. — This  mine,  about  1  mile  northeast  of  Engineer 
Mountain,  is  on  the  continuation  of  the  Polar  Star  lode,  which  here 
has  a  strike  of  N.  23°  E.  and  a  dip  of  75°  to  the  southeast.  It  was 
originally  owned  by  J.  S.  Hough,  who  stated  that  the  ore  in  the  old 
workings,  near  the  surface,  resembled  that  in  the  Polar  Star,  and  con- 
sisted chiefly  of  argentite  and  ruby  silver.  It  sometimes  ran  as  high 
as  $500  per  ton.  Several  carloads  of  this  rich  ore  were  shipped  about 
1878.  He  subsequently  sold  the  mine,  and  a  vertical  three-compartment 
shaft  was  sunk  east  of  the  vein  to  a  depth  of  400  or  500  feet,  with  the 
intention  of  cutting  the  ore  body  at  a  depth  of  a  few  hundred  feet. 
The  ore  from  this  shaft  contained  much  iron  pyrite. and  was  low 
gi'ade.  In  1882  a  15-stamp  mill  was  erected  on  Henson  Creek,  a  mile 
below  the  mine,  and  the  ore  treated  by  chlorination.  The  mine  during 
this  year  was  working  five  levels,  and  produced  $14,840.  It  shortly 
afterwards  closed.  In  the  Mint  report  for  1891  it  is  credited  with  a 
product  of  $0,5GG,  which,  if  true,  indicates  a  temporary  resumption  of 
activity  in  that  year.  The  total  output  is  not  known.  The  mine  has 
been  idle  several  years  and  the  mill  is  dismantled. 

Si)ocimons  of  the  ore  and  vein  matter  obtained  on  the  dump  re.sem- 
ble  some  of  those  from  the  Polar  Star.  It  lias  been  brecciated  at  least 
once  and  liealed  with  comi)aratively  barren  white  quartz.  Small  vugs 
lined  with  quartz  crystals  are  common.  The  country  rock  is  andesite, 
and  is  evidently  considerably  impregnated  with  pyrite  and  chalco- 
pyrite near  the  vein. 

Dolly  Varden  lode, — This  prospect,  situated  in  Dolly  Varden  Gulch, 

1  Oral  communication  from  Mr.  Jas.  W.  Abbott,  a  pioneer  mineral  surveyor  of  Lake  City. 
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was  producing  copper  and  silver  ore  as  early  as  1878.  The  lode,  as 
revealed  on  the  surface,  is  a  sheeted  zone  in  an  amygdaloidal  andes- 
ite.  The  fissures  comprising  this  zone  contain  very  little  quartz,  and 
the  only  ore  seen  on  the  surface  consisted  of  the  carbonates  of  copper 
disseminated  through  the  amygdaloid.  Good  ore,  consisting  of  tetra- 
hedrite  with  some  "brittle  silver,"  is  said  to  have  been  taken  from  a 
shaft  sunk  on  the  lode.  A  crosscut  tunnel  600  to  700  feet  in  length 
was  run  lower  down  in  the  gulch,  but  did  not  reach  paying  ore.  The 
dump  of  this  tunnel  shows  some  chalcopyrite  deposited  in  a  breccia 
zone  in  the  andesite.  The  average  strike  of  the  Dolly  Varden  lode  is 
nearly  north  and  south,  with  an  easterly  dip. 

Other  prospects, — On  Copper  Mountain  the  John  J.  Crooke,  Big 
Horn,  and  other  prospects  have  been  worked  intermittently  for  many 
years  and  have  produced  some  ore,  chiefly  argentiferous  bomite  and 
chalcocite  (stromeyerite),  with  a  little  galena  and  some  native  silver, 
in  a  gangue  often  containing  considerable  calcite.  The  strike  of  these 
lodes  is  usually  a  little  east  of  north,  with  steep  easterly  dips.  The 
country  rock  is  andesite. 

Other  prospects  have  been  opened  in  a  small  way  in  the  gulches  and 
basins  south  of  Henson  Creek.  These  are  chiefly  galena  ores,  carry- 
ing some  silver  and  a  little  gold,  in  andesite  country  rock. 

LODES  OP  POUGHKEEPSIE  GULCH. 

General. — There  is  no  reason,  other  than  that  of  convenience,  for 
separating  these  veins  as  a  whole  from  those  about  Mineral  Point,  of 
which  they  are  in  many  cases  the  direct  continuation.  Formerly  the 
scene  of  busy  activity,  the  gulch,  with  the  exception  of  two  or  three 
prospectors,  was  deserted  when  visited  in  1899.  The  first  location  was 
the  Poughkeepsie  claim,  staked  by  R.  J.  McNutt  in  1874.  In  1879  min- 
ing was  actively  proceeding  in  several  claims.  A  road  was  built  from 
Cement  Creek  to  the  head  of  the  gulch,  and  lixiviation  works  were 
erected  at  Gladstone  to  ti-eat  the  ore.  Since  1890,  however,  the  only 
work  done  has  been  desultory  prospecting  on  a  small  scale. 

In  general  the  longer  fissures  have  trends  varying  from  N.  30°  E. 
to  N.  50°  K.,  with  southeasterly  dips.  But  they  are  sometimes  curved 
and  irregular,  and  near  Lake  Como  occurs  the  most  remarkable  group 
of  large,  closely  spaced  lodes  to  be  found  in  the  quadrangle.  An 
observer  standing  on  the  north  side  of  the  lake  may  count  at  least  five 
prominent  veins  running  down  the  steep  slopes  to  the  south  and  west 
and  passing  beneath  the  deep  blue  water  of  the  tarn.  At  the  point 
now  occupie<l  by  the  latter  the  fissures  were  deflected  sharply  east- 
ward, and  from  the  eastern  side  of  the  lake  four  prominent  lodes  and 
many  smaller  ones  converge  at  a  point  on  the  ridge  separating  the 
head  of  Poughkeepsie  from  California  Gulch.  In  addition  to  these, 
numerous  other  lodes  come  in  through  the  saddle  connecting  with 
Ross  Basin  and  converge  toward  the  same  x)oint  on  the  ridge.    The 
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result  is  a  very  interesting  complex,  which  is  represented  as  faithfully 
as  possible  on  the  map.  But  in  addition  to  the  lodes  shown,  the  rocks 
in  this  vicinity  are  traversed  by  innumerable  small  veins  and  fissures 
which  can  not  be  indicated  on  so  small  a  scale.  Those  shown  are 
chiefly  strong  massive  veins  of  white  quartz,  sometimes  including 
considerable  country  rock,  usually  carrying  a  little  rhodonite  or  rho- 
dochrosite,  and  not  showing  mucli  evidence  of  mineral  wealth.  They 
frequently  branch  and  are  linked  together  by  smaller  fissures. 

In  the  saddle  between  Lake  Como  and  Ross  Basin  the  reniarkablv 
thorough  manner  in  which  the  rock  between  the  main  fissures  has 
been  sheeted  is  beautifully  shown.  This  minor  sheeting  is  generally 
parallel  in  strike  with  the  larger  lodes.  At  the  particular  point  where 
the  structure  was  best  shown,  these  sheeting  planes  dip  westerly  at 
about  00°.  As  many  as  50  of  them  may  fi*equently  be  count-ed  withiD 
a  width  of  a  foot.  There  has  been  some  infiltration  of  quartz  along 
these  minute  planes  of  fracture,  which  causes  them  to  stand  out  as 
little  parallel  ribs  on  weathered  surfaces.  The  appearance  in  the 
western  part  of  the  saddle  is  as  if  a  series  of  finely  laminated  cherty 
sediments  had  been  tilted  up  at  a  high  angle.  The  local  strike  of  this 
sheeting  is  about  N.  35°  E.,  but  it  is  sometimes  disturbed  by  later 
cross  fractures.  No  regularity  or  rhythm  could  be  detected  in  the 
spacing  of  these  minor  sheeting  planes.  The  country  rock  is  appar- 
ently andesite,  but  too  altered  and  decomposed  for  certain  identifica- 
tion.    It  may  be  rhyolitic. 

Faulting  was  not  detected  along  any  of  the  fissures  about  Lake 
Como.  Study  of  them  was,  however,  necessarily  confined  to  the 
surface. 

Old  Lout  and  Forest  mines. — These  properties,  situated  a  mile  and 
a  quarter  due  west  of  Mineral  Point,  being  closely  connected,  will  be 
described  together.  The  Old  Lout  was  located  about  1876.  Shortly 
afterwards  it  sold  for  $10,CH)0  and  became,  in  the  years  of  its  activity, 
the  most  important  mine  in  the  gulch.  It  has  produced  between 
8300,000  and  $400,000  worth  of  rich  silver  ore,  containing  bismuth. 
According  to  the  Mint  reports,  about  8200,000  of  this  amount  was  pro- 
duced in  1884r,  in  which  year  the  mine  was  the  largest  producer  in  the 
county.  It  employed  about  30  men,  raising  some  5  tons  of  ore  per 
day.  In  1880  it  was  sold  to  a  London  company  for  $200,000,  and  in 
1887  it  is  credited  with  a  product  of  $8(),054.  The  new  owners  ran  a 
tunnel  some  1,800  feet  in  huigtli,  from  the  bottom  of  the  gulch,  but 
never  found  the  rich  ore  which  had  rend(»nHl  the  upper  workings  prof- 
itable, and  alK)ut  the  3^ear  181)0  oijerations  were  abandoned.  The 
tunn(*l  liouse  and  the  machinery  were  subsecjuently  destroyed  by  fire. 

The  upper  workings  were  exploit <h1  by  means  of  a  shaft  of  unknown 
depth,  which  in  1800  was  no  longer  safely  accessible.  The  lower  tun- 
n(*l,  being  partly  cav(»d  and  filled  with  a  strongly  flowing  stream  of 
water,  can  not  now  be  entered.    "J'he  ore  whieii  came  from  it  indicates 
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a  stroug  and  well-mineralized  lode  carrying  galena,  sphalerite,  chal- 
copyrite,  pyrite,  and  a  little  marcasite,  rather  equally  distributed  in 
a  gangue  of  c^uartz  with  a  little  barite.  This  ore  is,  presumably,  low 
grade.  Fragments  on  the  dump  show  that  a  part  of  the  lode  con- 
sists of  brecciated  and  altered  country  rock  (rhyolite  fiow-breccia) 
cementetl  by  quartz.  The  richest  ore  of  the  Old  Lout  is  said  to  have 
been  bismuthiferous,  in  which  case  it  is  probable  that  an  argentifer- 
ous sulphobismuthite  of  lead  occurred  in  this,  as  in  other  lodes  in 
Poughkeepsie  Gulch. 

The  Forest  mine  was  worked  through  a  vertical  shaft  only  a  few 
hundred  feet  east  of  the  Old  Lout  shaft.  Through  this  it  was  pos- 
sible in  1801)  to  gain  access  to  an  upper  level  200  feet  l>elow  the 
surface.  The  Forest  lode  here  strikes  N.  70°  E.  and  dips  south  at 
about  70°.  It  consists  of  stringers  of  ore,  without  much  quartz,  trav- 
ersing altered  country  rock.  These  stringers  are  irregular,  sometimes 
expanding  to  2  or  3  feet  of  nearly  solid  ore  with  included  fragments 
of  country  I'ock,  and  again  contracting  to  narrow  veinlets.  The  ore 
is  adherent  to  the  country  rock  and  the  lode  is  without  regular  walls. 

The  ore,  as  seen  in  this  drift  and  in  the  ore  house,  consists  of  tetra- 
hedrite,  pyrite,  galena,  sphalerite,  and  chalcopyrite,  in  a  gangue  of 
quartz  and  barite.     The  Forest  mine  was  never  a  profitable  producer. 

The  exact  coui*se  of  the  Old  Lout  lode  could  not  be  determined  on 
the  ground,  but  it  is  more  nearly  northeast  and  southwest  than  the 
Forest.  The  two  lodes  come  together  southwest  of  the  shafts,  and  at 
this  junction  occurred  the  rich  bismuthiferous  ore  which  made  the 
Old  Lout  profitable.  The  lodes  are  said  to  have  dipped  toward  each 
other,  the  Forest  at  a  lower  angle  than  the  Old  Lout.  If  this  is  true, 
the  dip  observed  at  the  200-foot  level  of  the  Forest  is  not  the  general 
dip  of  the  lode. 

The  country  rock  of  the  Old  Lout  and  Forest  is  a  rhyolite,  but  so 
much  altered  in  proximity  to  the  ore  bodies  as  to  be  scarcely  recog- 
nizable. A  specimen  taken  7  feet  from  the  Forest  lode  on  the  200- 
foot  level  is  completely  recrystallized  and  consists  of  a  finely  crystal- 
line aggregate  of  quartz  and  sericite  impregnated  with  minute  crystals 
of  pyrite  and  galena.  As  seen  in  thin  section  under  the  microscope, 
the  sericite  (and  possibly  some  kaolin)  occurs  in  irregular  areas  with- 
out definite  boundaries,  and  also  scattered  through  the  rock  amid  the 
quartz  grains. 

Maid  of  tin'  Mist  mine. — This  mine,  which  has  apparently  been  idle 
for  many  years,  lies  a  few  hundred  yards  northeast  of  the  Old  Lout 
and  Forest  shafts.  The  workings  comprise  an  inclined  shaft  of 
unknown  depth  and  two  tunnels,  one,  a  crosscut,  cutting  the  lode 
about  150  feet  below  the  surface.  The  strike  of  the  vein  is  about  N. 
25°  E.,  and  it  dips  southeast  about  Go^.  It  has  been  drift<^d  upon  and 
stoped  from  several  levels.  In  the  nortlieast  portion  of  the  workings 
it  is  a  solid  vein  of  quartz  18  inches  to  2  feet  in  width,  containing 
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fragments  of  altere<l  rhyolitic  eountrj'  rock  and  ore  which  is  appar- 
ently of  low  grade.  Toward  the  southwest  the  vein  has  been  dis- 
turbed by  post-mineral  movement  and  is  accompanied  by  crushed 
wall  rock  and  soft  gouge.  The  course  of  the  vein  would  carrj-  it  into 
the  Old  Lout  shaft,  and  it  is  probable  that  both  mines  are  on  the  same 
fissure. 

Alabama  mine. — This  mine,  situated  on  the  east  side  of  Pough- 
keepsie  Gulch,  about  half  a  mile  south  of  the  Old  Ix)ut  tunnel,  is 
commonly  supposed  to  b<*  on  the  same  lode  as  the  Old  Lout,  the  strike 
of  the  Alabama  lode  being  N.  35"  E.  The  dip  is  southeast  at "70% 
although  locally  variable.  In  general  character  the  lode  resembles 
that  seen  in  the  accessible  portion  of  the  F'orest  workings,  but  it  is 
more  irregular  and  shows  less  ore.  It  is  essentially  an  irregular 
stringer  lead,  passing  sometimes  into  a  breccia  of  country  rock 
cemented  by  quartz  and  sometimes  dwindling  to  a  few  narrow  and 
tight  stringers.  The  country  rock  is  rhyolite  flow-breccia.  Consid- 
erable prospecting  has  been  done  by  tunnels,  drifts,  and  winzes,  but 
apparently  no  ore  was  stoped.  The  mine  has  been  long  idle.  On  the 
other  side  of  the  gulch  some  work  has  been  caiTied  on  upon  the  same 
vein,  which  here  appears  to  dip  about  60°  to  the  southeast  and  shows 
similar  ore. 

The  ore  of  the  Alabama  consists  of  galena,  chalcopyrite,  and  pyrite, 
in  a  gangue  consisting  of  quartz  and  barite. 

Poiighkeepsie  mine. — This  property  is  situated  half  a  mile  up  the 
gulch  from  the  Alabama  and  on  the  same  side.  It  was  locate  in 
1874  and  has  produced  in  all  about  $12,CKX).  The  strike  of  the  vein  is 
N.  02''  E.,  and  it  is  practically  vertical.  It  is  a  strong  and  apparently 
fairly  simple  vein,  frozen  to  the  walls  of  rhyolitic  flow-breccia.  It 
I)roduced  a  silver  ore  carrying  bismuth.  I'hc  pyrite  in  the  vein  is  also 
said  to  have  carried  good  values.  The  tetrahedrite,  on  the  contrary, 
was  poor  ore.  Argentite  is  rei)orted  ^  as  occurring  in  the  ore  as  mined 
in  1875.  The  mine  was  worked  through  two  tunnels.  It  has  been 
idle  since  1801  and  inspection  was  confined  to  the  surface. 

The  ore  in  the  bins  sliowed  chalcopyrite,  pyrite,  and  tetrahedrite  in 
a  quartz  gangue. 

Amador  )tiine. — This  mine,  formerly  worked  through  two  tunnels, 
lies  on  the  w^est  side  of  the  gulcli.  It  was  desertc^d  in  1899  and  little 
could  be  ascertained  of  its  liistory  or  product.  The  lower  tunnel  was 
originally  run  in  on  a  small  vein  striking  N.  ^K)'  E.,  but  it  soon  turns 
and  cuts  a  vein  of  which  the  course  is  N.  80^  W.  This  vein  dips  north 
about  ()if  and  is  a  solid  and  fairly  legular  but  not  heavily  mineral- 
ized mass  of  rjuartz.  The  lode  has  been  stoi)ed  and  a  shaft  sunk 
from  the  drift,  evidently  some  years  ago.  The  upper  tunnel,  UK)  feet 
above,  is  run  directly  on  the  main  lode,  which  is  here  nearly  vertical, 
and  shows  from  3  to  5  feet  of  solid  wiiitc  (quartz  in  the  croppings. 

>  Ruymond:  Mineral  Resources  west  uf  the  Rocky  Mountaius,  1875,  pp.  883-8W. 
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The  country  rock,  which  is  rhyolitic  flow-breccia,  of  rather  andesitic 
aspect,  is  sheeted  and  traversed  by  veinlets  parallel  to  and  for  a  dis- 
tance of  several  feet  from  the  large  lode.  A  small  mill,  equipped  with 
crusher  and  rolls  and  run  by  water  power,  was  formerly  operated  at 
the  mouth  of  the  upper  tunnel. 

Sajron  mine, — This  lode  is  apparently  the  same  as  that  first  followed 
in  the  lower  tunnel  of  the  Amador.  Its  strike  is  N.  30°  E.,  with  a 
steep  southeast  dip.  The  mine  wa«  working  in  1879,  and  in  1890  is 
credited  with  a  production  of  over  $30,000.  The  workings  were  not 
accessible  in  1899.  The  ore  on  the  dump  showed  galena,  sphalerite, 
tetrahedrit^,  chalcopyrite,  and  pyrite,  in  a  quartz  gangue. 

Alaska  mine. — Situated  about  a  third  of  a  mile  a  little  north  of 
west  from  Lake  Como,  this  mine  is  best  known  from  the  occurrence 
in  it  of  an  argentiferous  galenobismuthite  named  alaskaite  by  Koenig.^ 
The  mine  was  working  in  1879,  and  in  1881,  when  Professor  Koenig 
collected  his  specimens,  had  two  adits.  The  alaskaite  occurs  with 
tetrahedrite  and  chalcopyrite  in  a  gangue  of  quartz  and  barite,  the 
latter  being  abundant  in  the  richer  ore.  Zinc  blende  and  galena  were 
not  seen  by  Koenig,  but  they  are  abundant  on  the  dump  and  in  por- 
tions of  the  lode  now  accessible.  Kaolin  also  was  noted,  intimately 
associated  with  the  ore  minerals.  In  1887  the  Mint  reports  credit  the 
mine  with  a  production  of  1^35,058,  but  in  1888  it  was  not  producing. 
I  was  informed  on  reliable  authority  that  about  $90,000  had  been  pro- 
duced in  all,  chiefly  from  one  large  pocket.  The  Alaska  lode  strikes 
about  N.  75°  E.,  with  a  dip  of  about  75°  to  the  southeastward.  At 
least  three  veins  intersect  at  or  near  the  old  shaft  through  which  the 
mine  was  worked;  and  another  lode,  the  May  Belle,  which  has  been 
superflcially  prospected,  lies  just  west  of  and  nearly  parallel  with 
the  Alaska  lode.  All  these  lodes  carrj'  some  rhodonite  and  rhodo- 
chrosite  crystallized  with  the  quartz.     The  country  rock  is  andesite. 

In  1900  the  mine  was  being  reopened  and  it  was  possible  to  see 
something  of  the  old  workings,  although  still  partly  filled  with  ice. 
Like  many  other  lodes  in  this  region,  the  Alaska  is  less  prominent 
under  ground  than  the  croppings  would  indicate.  It  contains  much 
altered  country  rock  traversed  by  stringers  of  quartz.  It  is  in  the 
soft  altered  country  rock,  near  the  quartz,  that  the  richest  ore, 
alaskaite,  occurs  as  bunches  of  varying  size.  Pieces  of  this  ore  may 
carry  as  much  as  3,000  ounces  of  silver  per  ton.  The  solid  vein 
quartz,  on  the  other  hand,  is  low  grade,  carrying  pyrite,  galena,  sphal- 
erite, and  some  tetrahedrite,  associated  with  rhodonite,  barite,  and 
rhodochrosite. 

No  ore  was  extracted  from  the  main  workings  in  1900,  but  good 
bismutliiferous  ore,  in  small  bunches,  was  being  taken  out  from  a 
lower  tunnel  on  tlu*  Acapulco  claim,  which  joins  the  Alaska  claim  on 
the  east  and  is  under  the  sjime  ownership. 

»  Proc  Am.  Philo».  Soc.,  Vol.  XIX,  pp.  472-477;  also  Vol.  XXII,  p.  211. 
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Bonanza  mine. — In  1879  this  mine  was  opened  on  the  north  side  of 
Lake  Conio,  through  a  tunnel  250  feet  in  length,  and  is  said  to  have 
produceil  an  ore  carrying  gray  copper  (tetrahtnlrite)  and  barite.  hi 
1881  it  was  reported  that  7<X>  tons  of  tetrahedrite  and  ^ralena  ore  had 
been  extracted  and  piled  on  the  dump,  and  in  1883  some  700  feet  of 
development  work  had  been  accomplished.  The  lode  was  also 
exploited  by  a  small  shaft  near  the  edge  of  Lake  Como.  No  great 
amount  was  produced  and  the  property  has  been  idle  since  1800.  The 
ore  seen  on  the  dump  in  1899  showed  galena,  sphalerite,  pyrite,  chal- 
copyrite,  and  tetrahedrite,  in  a  gaugue  of  quartz,  barite,  and  a  little 
rhodonite.  The  tetrahedrite  appeared  to  be  closely  associated  with 
the  barite.  The  ore  shipped  is  reported  to  have  carried  from  40  to  45 
ounces  of  silver.  There  are  several  other  idle  prospects  about  the 
lake,  but  they  present  no  features  meriting  special  description.  A 
project  was  at  one  time  set  on  foot  to  drain  the  lake  by  a  tunnel,  in 
order  to  secure  the  rich  "float'' which  it  was  supposed  would  be 
found  in  its  lx)ttom.  Fortunately  for  the  projectors  and  for  the  lovers 
of  the  picturesque,  this  scheme  fell  through. 

Other  mines  and  prospects, — The  Red  Rogers  claim  is  on  a  very 
prominent  lode  just  southwest  of  Lake  Como  and  crossed  by  the 
trail  from  the  lake  to  Cement  Creek.  This  property,  which  was  well 
known  in  the  early  eighties,  has  l>een  idle  for  some  years.  It  was 
developed  by  surface  cuts  and  one  or  more  small  tunnels,  and  proba- 
bly never  produced  much  paying  ore.  The  course  of  the  lode  is  N. 
43°  E.,  with  nearly  vertical  dip.  It  is  the  most  westerly  of  the  numer- 
ous large  lodes 'that  converge  from  the  south  toward  the  lake.  It 
does  not  appear  to  reach  the  latter,  however,  as  it  curves  strongly 
eastward  just  north  of  the  Red  Rogers  cabin  (which  is  on  the  croi>- 
pings),  and  joins  the  Seven  Thirty  lode.  The  Seven  Thirty  lode  is 
one  of  the  strongest  and  most  persistent  lodes  of  this  re^on.  Its 
course  is  about  N.  85°  E.  The  dip  is  approximately  vertical.  Toward 
the  west  the  lode  passes  over  the  ridge  into  Grey  Copper  Gulch. 

LODES  OF  THE  UNCOMPAHGRE  CANYON. 

General. — The  Uncomphagre  River,  below  the  mouth  of  Pongh- 
keepsie  Gulch,  has  cut  the  greater  pait  of  its  picturesque  gorge  deep 
into  the  Algonkian  schists.  The  San  Juan  andesitic  breccias  rest 
upon  the  uneven  eroded  surface  of  these  schists,  slates,  and  quartz- 
ites,  and  tower  in  lofty  cliffs  above  the  river.  These  cliffs  are  trav- 
ersed by  fractures  and  veins,  which  are  particularly  conspicuous 
when  they  cut  the  San  Juan  breccias.  The  cliff  faces  of  the  latter 
are  sometimes  directly  due  to  the  falling  away  of  great  masses  of 
rock  along  one  of  these  fractui:e  planes.  Some  of  the  fractures  carry 
ore,  and  have  been  worked  with  varying  success. 

Michael  Breen  mine.—T\\\s  mines  more  familiarly  known  as  the 
Micky  Breen,  is  on  a  small,  nearly  east-and-west  lode  (N.  85*"  W.) 
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dipping  about  85°  to  the  north.  The  mine  has  been  quite  extensively 
worked  through  five  tunnels.  Most  of  the  pay  ore  has  been  extracted 
from  the  four  upper  tunnels.  The  lower  one  was  a  more  ambitious 
venture,  opened  in  connection  with  a  mill  in  an  attempt  to  work  the 
property  on  a  large  scale.  Although  the  lode  has  produced  some 
good  ore,  it  is  doubtful  whether  it  is  sufficiently  abundant,  or  accom- 
panied by  enough  lower-grade  ore,  to  justify  an  extensive  plant. 
The  Mint  reports  credit  the  mine  with  a  total  product  of  $105,751 
during  the  years  1890-1892.  In  1899  the  second  and  nearly  third 
levels  above  the  mill  adit  were  being  worked  by  Italian  leasers  at  a 
very  small  profit.  The  country  rock  is  the  andesitic  breccia  of  the 
San  Juan  formation. 

The  lode  filling  is  usually  less  than  a  foot  in  width  and  frozen  to  the 
walls.  It  is  accompanied,  however,  by  considerable  parallel  sheeting 
and  veining  of  the  adjacent  country  rock,  and  the  lode  itself  contains 
thin  sheet-like  horses.  The  fissures  are  clean  cut,  regular,  and  quartz 
filled,  carrying  greater  or  less  amounts  of  ore.  Where  stoped  in  the 
upper  of  the  two  tunnels  worked  in  1899,  the  lode  consists  of  numer- 
ous small  stringers,  frozen  to  the  country  rock  and  separated  by  thin 
sheets  of  the  latter.  It  is  an  excellent  example  of  a  deposit  filling 
empty  spaces  in  a  sheeted  zone  of  much  regularity.  The  pay  streak 
is  usuall^y  only  a  few  inches  wide  and  lies  on  the  south  wall  of  the 
vein.  It  carries  tetrahedrite,  galena,  sphalerite,  pyrite,  and  chalco- 
pyrit^.  The  tetrahedrite  is  not  rich  in  silver.  Small  vugs  and  comb 
structure  are  common,  often  with  crystals  of  tetrahedrite  and  rhodo- 
chrosite  projecting  with  the  quartz  into  the  open  spaces.  The 
country  i^ock  is  impregnated  with  pyrite  and  chalcopjTite,  but  is 
sharply  distinguishable  from  the  vein  filling,  Fluorite  was  not^d  on 
the  dump  of  the  uppermost  tunnel. 

The  Micky  Breen  lode  is  crossed  by  a  conspicuous  system  of  approx- 
imately parallel  fissures  striking  about  N.  20°  W.  and  dipping  east 
about  80°  to  85°.  These  fissures  usually  carry  small  quartz  veins,  often 
showing  comb  structure.  Two  narrow  and  conspicuous  zones  of 
sheeting,  accompanied  by  considerable  veining,  one  striking  N.  20° 
\V.  and  the  other  N.  7°  W.,  are  indicated  on  the  map.  These  con- 
verge toward  the  north  and  form  the  lode  of  the  Silver  Link  mine, 
and  possibly  also  the  Silver  Queen  lode,  in  Bear  Canyon,  on  the  north- 
ern border  of  the  quadrangle.  The  relation  of  these  fissures  to  the 
east-and-west  Micky  15reeii  lode  could  not  be  determined. 

The  Micky  Breen  mill,  on  the  I^ncomi)ahgre  River,  is  equipped  with 
a  Blake  crusher,  2  sets  of  rolls,  1  5- foot  Huntington  mill,  trommels, 
and  7  4-foot  F'rue  vanners.  It  was  run  by  water  power  and  steam. 
The  mill  had  been  idle  some  time  when  visited  in  1899. 

Happy  Jack  mine. — This  property  is  situated  just  west  of  the 
Micky  Breen,  and  apparently  on  the  same  vein.  It  atone  time  shipped 
a  little  ore  and  then  erected  a  mill,  but  the  ore  gave  out.     Mine  and 
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mill  were  abandoned,  and  in  1800  the  workings  were  not  accessible. 
The  mill  is  equipped  with  roasting  furnace,  crusher,  two  sets  of  rolls, 
trommels,  three  sets  of  mixing  trouglis,  and  vati*.  The  ore  was  appar- 
ently treated  by  the  Augustin  or  a  similar  process. 

Silver  Link  mine. — This  mine  is  situated  on  the  east  side  of  the 
canyon,  about  a  mile  north  of  the  Micky  Breen  lode.  Its  principal 
adit  is  a  crosscut  tunnel  1,700  feet  in  length.  The  course  of  tlie  lode 
is  about  N.  12""  W.  It  is  nearly  vertical.  This  tunnel  was  run  in  the 
early  eighties.  According  to  the  Mint  reports,  the  total  product  of 
the  mine  for  the  years  1888,  1890,  and  1891  was  nearly  $50,000.  The 
mine  had  been  idle  since  1873,  but  was  reopened  in  1899. 

The  tunnel  mouth  is  in  Algonkian  quartzite  and  schist,  but  the  cross- 
cut soon  passes  into  the  overlying  San  Juan  breccia-  The  latter  lies 
upon  a  clean  and  very  uneven  erosion  surface,  showing  local  varia- 
tions in  relief  to  the  extent  of  100  feet  or  more.  Sometimes  a  breccia 
of  schist  and  quartzite  fragments  mingled  with  andesitic  material 
rests  directly  upon  the  Algonkian  and  grades  upward,  w^ithout  break, 
into  the  typical  andesitic  San  Juan  breccia.  There  is  no  trace  of 
movement  or  mineralization  along  this  contact  plane. 

The  lode  is  a  sheeted  zone,  20  feet  or  more  in  width,  llie  ore  is 
chiefly  bornite  and  tctrahedrite,  carrying  silver  and  chalcopyritc,  and 
occurs  as  bunches  along  some  one  of  the  Assures.  It  is  found  in 
quartz,  which  is  largely  silicified  San  Juan  breccia.  It  contains  from 
20  to  30  per  cent  of  copper  and  sometimes  as  much  as  300  ounces  of 
silver  per  ton.  The  best  ore  is  said  to  occur  in  solid  quartz.  There 
has  been  considerable  post-mineral  movement  along  the  lode,  result- 
ing in  soft  gouge,  and  where  the  disturbance  is  pronounced  it  is 
regarded  as  unfavorable  for  ore.  The  ore  usually  occurs  near  the 
west  (called  the  foot)  wall,  but  it  is  far  from  continuous.  The  coun- 
try rock  on  both  sides  of  the  lode  is  traversed  by  numerous  parallel 
fissui'es,  along  which  there  has  frequently  been  some  late  movement, 
as  attested  by  the  presence  of  wet  clay  gouges. 

An  old  shaft  was  sunk  on  the  lode  for  GO  feet  below  the  tunnel 
level,  but  apparently  did  not  reach  the  bottom  of  the  andesitic  bi^eccia. 
Thus  it  is  impossible  to  gain  from  this  occurrence  any  light  on  the 
important  question  of  what  changes,  if  any,  take  place  in  an  ore- 
bearing  lode  as  it  passes  from  the  Tertiary  breccia  to  the  Algonkian 
schist.  In  1900  this  old  shaft  was  being  reopened,  and  it  is  possible 
it  may  be  carried  down  into  the  schists. 

The  country  rock  in  the  vicinity  of  the  Silver  Link  mine  is  inter- 
sected by  numerous  fissui-es,  with  a  general  trend  of  a  few  degrees 
west  of  north,  and  therefore  approximately  parallel  with  the  Silver 
Link  vein.  Many  of  these  lissuies  can  be  seen  extending  southward 
across  the  Uncompahgre  to  Mount  Abrams.  Their  average  strike,  as 
seen  on  the  surface,  appeared  to  be  about  N.  5°  W.  Their  dip  is  80** 
to  85^  to  the  east.    At  the  mine  these  fissures,  which  do  not,  as  a  rule, 
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carry  conspicuous  lodes,  have  cut  the  San  Juan  breccia  into  huge, 
nearly  vertical  slabs  (PI.  VII),  which,  becoming  undermined  at  their 
biises,  occasionally  fall  in  chaotic  ruins  at  the  base  of  the  cliff.  A 
second  and  less  prominent  set  of  fissures,  usually  carrying  quartz 
stringei*s,  has  a  general  strike  of  about  N.  60°  W.  The  relative  ages 
of  the  two  sets  of  fissures  could  not  be  determined. 

Silver  Queen  mine. — This  is  a  small  mine  nearly  a  mile  north  of 
the  Silver  Link,  in  the  canyon  of  Bear  Creek,  and  on  the  northern 
boundary  of  the  quadrangle.  The  lode,  which  is  possibly  a  continu- 
ation of  the  Silver  Link,  here  strikes  N.  3°  E.,  and  is  practically  vei*- 
tical.  It  is  a  breccia  zone,  10  or  12  feet  wide,  in  San  Juan  breccia, 
with  a  clay  gouge  on  the  east  wall.  The  pay  streak,  from  3  to  6 
feet  wide,  lies  next  the  clay  seam  on  the  east  wall.  It  is  worked 
through  a  tunnel  300  feet  in  length  and  a  40-foot  shaft  with  short 
drifts  below  the  tunnel  level. 

As  far  as  known,  the  ore  occurs  in  three  distinct  bodies  or  shoots, 
pitching  south.  In  such  shoots  there  is  practically  no  quartz,  the 
ore,  sometimes  with  a  little  barite,  filling  the  spaces  between  the 
fragments  of  country  rock,  which  is  altered  to  a  soft,  putty-like 
material,  locally  called  **talc,"  but  in  reality  impure  kaolin.  The 
northern  ore  shoot,  nearest  tlie  tunnel  mouth,  consists  of  low-grade 
copper  ore,  chiefly  chalcopyrite,  with  subordinate  galena  and  tetra- 
hedrite.  It  is  separated  from  the  next  ore  shoot  on  the  south  by 
12  or  15  feet  of  solid  quartz,  carrying  too  little  ore  to  work.  This 
second  ore  body  was  rich  in  a  bismuthiferous  silver  ore  (argentif- 
erous  sulphobismuthite  of  lead),  associated  with  galena,  at  the  tun- 
nel level,  but  changed  into  chalcopyrite  in  stoping  upward.  The 
third  ore  body,  also  separated  from  the  second  by  a  mass  of  rela- 
tively barren  quartz,  is  almost  wholly  galena  ore.  South  of  this  ore 
body  the  main  lode  is  cut,  but  not  noticeabl}^  faulted,  by  a  younger, 
nearly  east-and-west  vein,  carrying  galena,  chalcopyrite,  and  zinc 
blende  and  assaying  fairly  well  in  gold.  South  of  this  intersecting 
vein  the  main  lode  is  poor  and  grows  smaller.  It  is  to  be  not^d  that 
not  sufficient  work  has  been  done  to  establish  the  fact  that  the  three 
small  ore  bodies  cut  in  the  tunnel  are  really  distinct  and  character- 
ized throughout  by  different  kinds  of  ore.  The  fact  that  the  second 
one  changed  into  chalcopyrite  when  followed  upward  would  rather 
tend  to  negative  this  idea  of  the  characteristic  individuality  of  these 
ore  bodies. 

Post-mineral  movement  is  indicated  by  the  clay  gouge  along  the 
east  wall  of  the  vein  and  by  similar  sheets  of  gouge  within  the  vein, 
generally  nearly  parallel  to  the  walls.  Contrary  to  the  experience  on 
the  Silver  Link,  the  Ix^st  ore  is  said  to  occur  in  soft  clayey  ground. 

The  mine  was  working  a  small  force  in  1891),  the  ore  being  packed 
to  the  toll  road  on  burros  and  thence  hauled  to  Ouray  in  wagons. 
In  1000  it  was  idle.  The  total  output  has  been  between  1^15,000  and 
$20,000. 
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LODES  OF  CANYON  CREEK. 

Oeneral. — Under  the  al)ove  head  it  is  proposed  to  describe  the  lodes 
of  Imogeue,  Richmond,  and  Silver  basins,  Potosi  Pe^ik,  and  other 
portions  of  the  Canyon  Creek  drainage  included  within  the  bounds  of 
the  Silverton  quadrangle.  The  only  really  important  mine  at  pre.<^nt 
being  worked  in  this  area  is  the  Camp  Bird.  The  Revenue  tunnel, 
it  is  true,  has  its  entrance  at  Porter,  in  the  Silverton  quadrangle, 
but  the  lodes  worked  through  it  are  within  the  Telluride  quadranglt^, 
and  have  been  deseril>ed  by  Purington.^ 

Canyon  Creek,  from  near  Ouray  to  the  mouth  of  Richmond  Gulch, 
is  crossed  by  a  system  of  fractures  conspicuously  visible  in  the  lofty 
cliffs  of  the  San  Juan  breccia,  and  resembling  those  already  iiot^d  on 
the  Uncompahgi'e  River.  These  fractures  appear  to  have  an  average 
strike  of  about  N.  35*"  W.,  and  dip  steeply  northeastward.  They 
divide  the  San  Juan  formation  and  the  underlying  sedimeuts  into 
huge,  nearly  vertical  slabs.  As  far  as  observed  there  is  no  visible 
vertical  displacement  along  these  fissures.  They  sometimes  carry 
quartz  veins,  which  have  been  prospected  in  a  small  way. 

Camp  Bird  mine. — The  Camp  Bird  lode  crosses  the  head  of  Imo- 
gene  Basin,  with  a  strike  of  N.  80''  W.  and  a  dip  of  05°  to  85°  to 
the  south;  the  average  is  probably  about  70°.  Toward  the  west  the 
lode  has  been  traced  on  the  surface  into  Marshall  Basin,  and  identi- 
fied with  great  probability  with  the  Pandora  lode,  in  the  Telluride 
quadrangle.  Toward  the  east  the  lode  is  less  easily  followed  on  the 
surface. 

Considenible  work  had  already  l)een  done  in  Imogene  Basin  prior 
to  1880.  But  no  high-grade  ore  had  been  found,  and  the  locality  had 
fallen  into  disrepute.  The  Una  and  Gertrude  claims,  on  the  Camp 
Bird  lode,  had  been  worked  for  silver-lead  ore,  but  in  1806  had  been 
abandoned,  lik(»  the  other  mines  in  the  basin.  The  pi*esence  of  high- 
gnid(»  gold  ore  was  first  diseovei'ed  by  Thomas  V.  Walsh,  who  for 
many  years  had  industriously  leasinl  and  prospected  a  great  number 
of  claims  scattered  over  the  entire  quadrangle.  The  rich  ore  was 
first  struck  in  the  Camp  Bird,  then  an  undeveloped  claim.  It  was 
found  by  Walsh  on  the  dump  of  tlie  Una  and  Gertrude  claims,  which 
were  purchased  by  him  in  18tM;  for  $10,()(H).  At  the  s;ime  time  he 
secured  control  of  practically  all  the  lodes  in  the  basin,  much  of  the 
necessary  surveying  being  accomplislKHl  in  the  deep  snow  of  winter. 
The  following  year  development  was  actively  puslied.  The  substan- 
tial tramway  connecting  the  mine  with  the  mill  at  the  mouth  of  the 
gulch,  i'  miles  in  length,  was  completed  in  forty-nine  days.  In  1891) 
the  v(»in  had  been  opened  by  a  erovsscut  tunn(»l  and  about  4,000  feet 
of  drifting,  Avith  slopes  extending  up  to  the  old  workings. 

In  11K)()  this  tunnel  had  abn^ady  been  snp(*rsedt*d  as  the  main  adit 

'  Preliininnry  rt'port  on  tho  iniiiin^;  iudustrios  of  the  Telluride  iiimdran^le.  Colorado:  Eig'ht- 
eentb  Anu.  Kept.  V.  S.  Ueol.  Survey,  Pt.  III.  l.^RS  pp.  Khi  8;i8. 
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by  a  much  longer  tunnel  300  feet  below  it.  This  is  a  crosscut  about 
2,200  feet  in  length,  driven  S.  15°  ^V.  It  is  furnished  with  a  single 
well-hiid  track,  and  in  October  already  connected  with  over  1,200  feet 
of  drift,  whicli  length  was  being  rapidly  augmented.  A  view  of  the 
surface  features  of  the  Camp  Bird  mine  and  of  tlie  large  lobe  of 
*' slide- rock"  beneath  which  tlie  main  tunnel  is  run  is  shown  in 
PI.  XIV. 

The  country  rock  of  the  Camp  Bird  is  tlie  andesitic  breccia  of  the 
San  Juan  formation.  As  this  rock  extends  to  the  mouth  of  the  gulch 
and  some  way  down  Canyon  Creek,  it  is  probably  considerably  over 
2,0(K)  feet  in  thickness  below  the  croppingsof  the  lode.  It  thus  insures 
practical  uniformity  of  volcanic  country  rock  to  a  rather  unusual  depth, 
and  is  so  far  favorable  to  regular  and  persistent  ore  bodies. 

Nearly  all  the  ore  produced  under  the  present  ownership  has  come 
from  the  level  300  feet  above  the  new  adit.  The  lode  where  inter- 
sected bv  this  crosscut  adit  is  a  mere  fracture,  tlie  thickness  of  a 
knife  blade,  accompanied  by  a  few  small  quartz  stringers  on  the 
footwall  side.  The  fissure  soon  widens  to  the  east  and  west,  and  the 
lode  has  an  average  width  of  4  or  5  feet.  When  typically  developed 
it  is  a  sheeted  zone  in  the  rather  fine  San  Juan  breccia,  made  up  of 
naiTOw  stringers  of  gangue  and  ore  alternating  with  sheets  of  country 
rock,  and  liaving  fairly  well-defined  walls.  The  hanging  (south)  wall 
is  tlie  more  regular,  and  a  very  thin  seam  of  clay  gouge  shows  that 
there  has  been  slight  movement  along  it  since  the  lode  was  formed. 
Near  the  foot  wall  there  is  uniformly  a  streak  of  lead-silver  ore,  carry- 
ing galena  and  sphalerite.  This  is  sometimes  contiguous  with  and 
apparently  an  int-egral  part  of  the  main  lode.  At  other  times  the  two 
are  separated  by  a  thin  sheet  of  country  rock.  The  vein  is  unusually 
adherent  Uy  a  somewhat  irregular  foot  wall,  which  is  oft<?n  traversed 
by  irregular  (juartz  stringers,  or  may  bo  brecciated  and  cemented  by 
quartz.  Although  the  lode  is  a  sheeted  zone,  the  country  rock,  out- 
side the  recognized  limits  of  the  deposit,  is  not  notably  fissured.  The 
foot- wall  streak  of  galena  ore  has  been  partly  brecciated  and  recemented 
by  striiigei-s  of  white  quartz.  This  later  quartz  is  not  to  be  distin- 
guished fiom  the  quartz  of  the  auriferous  portion  of  the  lode  and  may 
be  of  the  same  period  of  deposition.  The  silver-lead  foot-wall  streak 
was  th(»  oie  mined  twenty  j'ears  ago,  before  the  high-grade  ore  lying 
alongside  it  was  discovered.  The  richest  ore  occurs  near  the  hanging 
wall,  often  directly  against  it,  and  the  richest  portion  of  the  pay  streak 
is  indicated  by  dark,  narrow,  undulating  linesof  ore  minerals.  These 
lin(»s  define  the  course  of  small  stringers,  usually  an  inch  or  less  in 
diameter,  which  are  of  later  origin  than  the  mass  of  the  vein.  The 
latter  is  a  pale  greenish-white  mottled  aggregate  of  quartz,  fluorite, 
sericite,  and  calcite,  thickly  sprinkled  with  small  crystals  of  pyrite, 
with  some  sphalerite,  galena,  and  possibly  other  ore  minerals  in 
minute  sp<»cks.     It  is  ])robablv  in  T)art  altered   country  rock.     The 
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rich  strinjijors,  although  vory  irregular  in  detail,  are  remarkably  per- 
sistent along  tlie  hanging- wall  side  of  the  main  lode.  They  possess, 
mortM)ver,  a  regular  internal  structure.  Next  their  walls  there  is  usu- 
ally a  thin  layer  of  fluorit<».  I'hen  follows  a  narrow  1>and,  from  one- 
sixteenth  to  one-(Mghth  of  an  inch  in  width,  of  rosin-yellow  sphalerite 
and  galena,  with  a  few  minute  specks  of  chalcopyrite.  llie  medial 
portion  of  the  stringer  is  occupied  by  white  quartz  carrying  a  little 
sericite  and  calcite.  The  gold  occurs  chiefly  free  in  this  white  quarts, 
esp<^cially  close  to  the  dark  ore  lines  near  the  walls  of  the  stringer. 
It  is  firmly  embedded  in  the  quartz  and  is  often  distinctly  ^^sible, 
although  not  <>(»curri ng  in  large  masses. 

When  the  ore  is  crushed  and  panned,  the  concentrates  i*ontain 
abun<lant  free  gold  in  irregular  hackly  particles,  averaging  about 
0.25  mm.  in  diameter.  Microscopic  examination  shows  that  the  vast 
majority  of  these  gold  particles  have  the  characteristics  of  original 
gold  that  has  been  embedded  in  vein  quartz.  A  very  few  small,  rod- 
like  particles  suggest  a  possible  derivation  from  a  tell u ride  of  gold. 
Chemical  tests  reveal  the  presence  of  a  very  small  amount  of  some 
telluride  in  the  ore,  but  it  has  not  been  detected  by  the  eye  and  is 
not  present  in  suflicient  amount  to  determine  its  mineral  species. 
Microscopic  and  chemical  investigation  shows  that  the  value  of  the 
ore  is  chiefly  in  free  gold  and  not  in  telluride  of  gold. 

The  quartz  in  i)ortions  of  the  Camp  Bird  knle  is  often  very  glassy 
in  appearance  and  shows  little  trace  of  mineralization,  even  when 
carrying  some  $20  per  ton.  Ore  below  88  or  $10  is  not  removed.  The 
average  value  of  all  the  material  removed  from  drifts  and  stopes  on 
the  lode  is  probably  not  far  from  840  per  ton.  The  average  on  good 
stopes,  however,  may  be  three  or  four  times  this.  According  to  a 
statement  by  Mr.  J.  W.  Benson,  manager  of  the  C-amp  Bird  mines,  the 
material  removed  in  merely  running  the  main  drift,  wast©  include<l, 
ran  in  places  about  *1,G(X)  per  linear  foot.  Much  of  the  vein  quartz 
on  the  upper  level  (300  feet  above  main  adit)  is  shattere<l  and  stained 
with  black  oxide  of  manganese.  The  shattering  of  the  brittle  quartz 
does  not  appear,  however,  to  Im^  associated  with  any  very  pronounced 
post-mineral  movement,  nor  has  it  any  known  effect  on  the  tenor  of 
the  ore.  A  little  rhodochrosite  and  considerable  calcite  occur  in  the 
lode,  the  latter  often  filling  vugs  or  comb  structure  in  the  quartz.  A 
soft,  white,  putty-like  substance,  which  proves  to  be  chiefly  kaolin,  is 
also  common  in  the  quartzose  portions  of  the  lode. 

Not  enough  development  has  yc^t  Ixmmi  reached  to  determine  the 
shape  of  the  pay  shoots.  The  ore  body  on  the  west  drift  of  the  main 
level  is  about  1,200  feet  in  length.  Other  pay  shoots  occur  along  the 
vein,  separated  by  pinches.  Thej'  are  said  to  be  increasing  in  length 
as  they  are  followed  down.  The  ore  bodies  east  of  the  crosscut  are 
generally  wider,  but  of  lower  grade  than  the  large  one  west  of  it. 

Alx)ut  1,700  feet  west  of  the  crosscut  tunnel  on  the  main  level  the 
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lode  suddeDly  contracts  and  splits  into  a  few  small  stringers.  Beyond 
this  point  the  country  rock  on  the  south  side  of  the  drift  is  lighter 
colored  than  elsewhere  and  is  full  of  irregular  quartz  stringers,  some 
of  which  appear  to  strike  southerly  into  the  hanging  wall.  I  was 
unable  in  the  field  to  discover  an}^  contact  or  fault  in  the  exposures 
in  the  drift,  but  inici'oscopic  study  shows  that  the  country  rock  at 
this  point  is  a  devitrified  and  altered  rhj^olit^.  It  is  probably  an 
intrusive  mass  or  dike  cutting  the  San  Juan  breccia.  It  is  exposed 
in  the  south  wall  of  the  drift  for  15  or  20  feet,  but  has  never  been 
found  on  the  north  side.  West  of  this  contraction  no  ore  was  found 
on  this  level  for  nearlj'^  900  feet.  A  barren  stringer  was  followed  for 
a  portion  of  this  distance,  which  finally  led  into  the  main  lode,  which 
was  found  to  be  offset  into  the  hanging  wall.  The  rhyolitic  dike  is 
older  than  the  Camp  Bird  lode,  but  its  presence  has  probably  caused 
a  local  deflection  of  the  generally  straight  simple  fissure.  The  newly 
found  portion  of  the  lode  lias  been  drifted  on  for  600  feet,  and  is 
being  followed  back  towai'd  the  rhyolite  and  point  of  original  deflec- 
tion. This  irregularity  is  apparently  not  due  to  faulting,  but  is  an 
example  of  linked-vein  structure.  The  western  deflected  portion  of 
the  lode  has  an  average  width  of  1)  or  10  feet  of  good  ore.  The  dip  is 
slightly  flatter  than  in  the  eastern  portion  of  the  workings.  In  the 
present  bottom  level  of  the  Camp  Bird  the  galena  ore,  commonly 
found  on  the  foot  wall  above,  is  less  abundant  and  more  bunchy. 
The  dark,  curving  lines  described  in  connection  with  the  rich  ore  are 
less  regular  and  continuous. 

Power  drills  are  used  almost  exclusively  for  drifting,  crosscutting, 
and  stoping.  The  air  compressors  are  run  by  electricity  from  Ames, 
in  the  Telluride  quadrangle.  The  ore  from  the  present  main  level 
is  carried  on  a  temporary  Huson  wire-roi)e  tram  to  the  tram  house 
near  the  mouth  of  the  new  adit.  Thence  it  goes  over  the  permanent 
Bleichert  tramwaj'  to  the  mill,  situated  at  the  mouth  of  the  gulch,  on 
Canyon  Creek.  This  tramway  is  alx)ut  2  miles  in  length  and  has  a 
transfer  station  at  the  turn  in  the  gulch,  in  Richmond  Basin.  In 
1899  about  45  buckets  were  running  over  it,  carrying  about  700 
pounds  of  oro  each.  One  man  can  dispatch  350  bucket  loads  in  a  day, 
of  which  the  mill,  then  running  30  stamps,  requiixni  from  325  to  330. 
All  ore  goes  direct  to  the  mill  without  sorting.  The  mill,  as  equipped 
in  1899,  contained  2  Blake  crushers,  40  8(K)-pound  stamps,  dropi)ing 
90  to  the  minute,  and  20  Frue  vanners.  In  1900  20  more  stamps 
wei*e  being  added.  The  pulp  from  the  batteries  piisses  through  a 
40-mesh  screen  over  silvered  copper  plates  17  feet  long.  Thence  it 
passes  through  classifiers  onto  the  vanners.  The  latt^^r  are  so  arranged 
that  all  the  slimes  must  pass  over  two  vanners  before  escaping  as 
tailings.  The  ore  passing  through  the  mill  is  often  worth  $200  per 
ton.  The  average,  when  visited  in  1899,  wa.s  said  to  l)e  nearly  8150. 
About  75  to  80  per  cent  of  the  total  gold  is  amalgamated  on  the  plates. 
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The  concentrates  rarely  exceed  14  or  $5  per  ton  of  ore.  The  tailings 
from  the  main  mill  average  from  $3  to  15  per  ton.  Theyjirere  formerly 
treated  in  a  nmall  auxiliar}'^  mill  fitted  with  Wilfley  tables.  A  cyanide 
plant  was,  however,  nearly  complete<l  in  1000,  and  will  treat  the  slimes 
directly  from  the  mill.  Power  for  the  main  mill  is  supplied  by  a 
Pelton  water  wheel  or  a  75-horseix)wer  engine.  The  full  capacity 
with  40  stamps  is  alx)ut  130  tons. 

Hidden  Treasure  mine. — This  mine,  just  north  of  the  Camp  Bird, 
was  opened  in  1875,  but,  like  other  properties  in  Imogene  Basin,  has 
lain  idle  for  many  years.  It  is  now  owned  ]>y  Mr.  Walsh,  and  will 
probably  be  again  worked.  It  has  at  present  about  2,000  feet  of 
drift,  and  has  produced  some  ore  from  its  stopes.  It  is  opened  by 
a  crosscut  tunnel  about  150  feet  in  length.  The  lode  strikes  about 
N.  50°  W.  and  dips  northeast  at  approximately  00°.  It  is  a  regular 
lode,  in  part  occupying  a  sheeted  zone  and  in  part  a  solid  vein  of 
quartz  and  ore.  The  country  rock  is  San  Juan  breccia.  There  has 
been  some  later  movement  along  the  plane  of  the  vein,  as  shown  by 
thin  clay  gouges.  The  ore  formerly  extracted  is  said  to  have  con- 
sisted chiefly  of  galena  and  tetrahedrite,  and  to  have  contained  100 
ounces  of  silver  and  42  per  cent  of  lead.  The  present  workings  show 
a  low-grade  milling  ore  consisting  of  galena,  abundant  sphalerite, 
and  some  chalcopyrite  and  pyrite. 

Haneock  mine. — This  property  lies  just  east  of  the  present  Camp 
Bird  workings,  and  is  also  owned  by  Walsh.  The  lode  strikes  N.  55° 
W.,  and  is  very  similar  in  general  character  to  the  Hidden  Treasure. 
It  joins  the  Camp  Bird  lode  on  the  southeast.  It  has  been  idle  many 
years,  and  is  not  now  worked.  In  1884  it  was  said  to  have  furnished 
in  all  about  80  tons  of  ore^  but  has  never  been  a  large  producer. 

Yellow  Rose  mine. — This  is  another  old  prospect,  situated  in  Rich- 
mond Basin,  upon  which  considerable  work  has  been  done.  In  1881 
a  *'  strike  "  of  ore,  consisting  chiefly  of  galena,  with  chalcopyrite,  pyrit«, 
tetrahedrite  and  sphalerite,  argentite,  and  some  native  silver,  was 
reported  on  level  2,  470  feet  from  the  entrance  to  the  tunnel.  But  the 
mine  has  never  produced  much.  The  vein  strikes  N.  47°  W.  and  dips 
NE.  65°.  The  ore,  as  seen  in  1899,  is  low  grade  and  very  similar  in 
general  mineralogical  character  to  that  of  the  Hidden  Treasure. 

U.  S.  Depository  mine. — This  mine,  with  the  Caribou,  Grand  Trunk, 
and  other  claims,  is  regarded  as  being  probably  on  the  same  vein  as 
the  Yellow  Rose.  Considerable  work  was  done  on  this  mine  years 
ago,  and  in  1887  it  was  credited  with  an  output  of  nearly  il8,000,  but 
it  never  was  thoroughly  successful  and  has  been  idle  several  years. 
A  tunnel  some  700  feet  in  length  was  run  in  from  the  small  mill,  now 
dismantled,  on  the  road  up  Richmond  Basin.  The  vein,  as  opened  at 
this  level,  is  in  pait  a  fairly  regular  sheeted  zone  in  San  Juan  breccia 
and  in  part  a  less  regular  stringer  lead.  Such  ore  as  the  mine  pro- 
duced came  from  upper  workings,  400  or  5(H)  feet  higher  up  the  slope, 
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and  was  carried  down  to  the  mill  on  a  light  and  primitive  wire-rope 
tramway.  The  ore  is  a  low-grade  galena-sphalerite  ore,  resembling 
in  general  character  that  of  the  Yellow  Rose.  Some  freibergit^j  has 
also  been  reported.^ 

Wheel  of  Fortune  mine. — This  lode  occupies  a  strong  and  persistent 
fissure,  with  nearly  noitheast-and-southwest  strike,  crossing  Can3^on 
Creek  just  east  of  the  Revenue  tunnel.  It  thus  crosses  such  lodes 
as  the  Yellow  Rose  and  Hidden  Treasure  nearly  at  right  angles,  and 
is  the  most  prominent  member  of  several  approximately  parallel  lodes 
which  may  be  seen  traversing  the  southern  slope  of  Potosi  Peak. 

The  Wheel  of  Fortune  was  located  about  1877,  and  has  produced 
some  very  rich  ore.  According  to  Mr.  Krisher,  now  foreman  of  the 
Revenue  Tunnel,  the  mine,  prior  to  1880,  shipped  some  ore  to  Black 
Hawk  containing  20  ounces  of  gold  and  800  ounces  of  silver.  In  1879 
the  mine  had  about  500  feet  of  drift  and  shaft,  and  was  said  to  have 
produced  $20,000.  Most  of  the  work  was  done  in  the  early  eighties. 
During  the  latter  six  months  of  1882  the  mine  shipped  about  62  tons 
of  ore,  averaging  176  ounces  of  silver  and  18  in  gold  per  ton.*  The 
ore  appears  to  have  been  irregular  or  pockety  in  its  occurrence,  and 
is  said  to  have  contained  freibergite  and  stephanite,^  with  galena  and 
ruby  silver.  In  1899  the  mine  was  being  reopened  after  several  years 
of  idleness. 

The  local  strike  of  the  Wheel  of  Fortune  lode  is  N.  30°  E.,  and  the 
dip  65°  to  the  northwest.  The  country  rock  is  San  Juan  breccia. 
The  lode  is  chiefly  a  stringer  lead,  but  it  grades  on  the  one  hand  into 
a  breccia  zone  and  on  the  other  into  a  fairly  regular  sheeted  zone.  It 
has  l)een  faulted  along  a  nearly  vertical  transverse  fissure,  the  south- 
ern portion  of  the  lode  being  thrown  about  15  feet  to  the  west.  There 
has  also  been  movement  along  the  foot  wall,  as  shown  by  clay  seams 
or  gouges.  The  croppings  of  the  lode  extend  strongly  up  into  Silver 
Basin,  and  the  country  rock  for  a  distance  of  100  feet  or  more  south- 
east of  the  lode  shows  pronounced  sheeting  unaccompanied  by  per- 
ceptible faulting.  There  was  no  oppoitunity  in  1899  for  studying  the 
ore  in  place.  In  1900  the  mine  was  reported  to  be  shipping  ore,  but 
was  not  visited. 

BimetalUst  mine. — This  property,  situated  on  Potosi  Peak,  and 
probably  on  the  same  lode  as  the  Wheel  of  Fortune,  has  produced 
from  1^40,000  to  $50,000  from  a  single  rich  pocket  near  the  surface. 
The  ore  of  this  pocket  ran  usually  about  10  ounces  of  silver  aud  1 
ounce  of  gold.  Clieniical  examination  of  a  specimen  of  this  ore  shows 
it  to  })e  a  silver-copper  sulphantimonic  arsenite  (tetrahedrite?),  in 
which  tlie  gold  is  probably  combined  with  the  silver.  Small  portions, 
however,  were  very  much  richer.  The  workings  were  idle  in  1899 
and  were  not  visited. 


'  Tenth  Census,  Vol.  XUI,  1885,  p.  84.  a  Report  of  the  Director  of  the  Mint,  1882. 
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LODES  OP  SAVAGE  BASIN. 

General, — The  upper  portion  of  ^Savage  Basin,  althongh  within  the 
Silverton  quadrangle,  was  included  by  Purington*  in  his  study  of  the 
lodes  of  the  Telluride  area.  In  181*9  two  mines,  the  Tomboy  and 
Japan,  were  working  in  the  upper  basin,  while  in  1900  some  work 
was  also  in  progress  on  the  Ai-gentina  and  the  Columbia.  The  basin 
contains  sevenil  large  hnles  and  many  smaller  ones,  all  possessing  a 
common  northwesterly  strike. 

Tomhoij  mine, — The  (*haraoter  of  the  Tomboy  lode  was  so  well 
d(^scTil>ed  by  Purington^  in  his  report,  written  in  1897,  that  his 
account  \*ill  be  quoted  almost  entire,  and  supplemented  by  the  obser- 
vations made  in  1800  and  10()0.     lie  says: 

It  is  only  within  the  past  four  years  that  the  property  known  as  the  Tomboy 
has  made  any  considerable  product;  e^^pecially  in  the  last  two  years  the  ontpat  of 
the  mine  has  surprisingly  increased.  The  wordings  now  on  the  vein  ooraprise 
the  length  of  two  claims,  very  nearly,  namely,  the  Belmont  and  the  Tomboy,  and 
several  more  claims  have  been  located  on  the  vein  in  its  southern  extension.  The 
history  of  this  mine  is  somewhat  remarkable,  considering  its  present  large  oatpnt 

The  original  location  on  the  vein  was  the  Belmont  claim,  made  in  1880;  and  in 
18H6  the  Toml)oy  claim,  to  the  south  of  the  Belmont,  was  located.  Since  the 
original  discovery  of  the  lode,  and  up  to  the  year  1892.  no  considerable  product 
was  obtained;  in  fact,  the  vein  was  generally  regarded  as  of  litde  value  and 
interests  in  the  claim  were  sold  and  resold  at  very  low  figures.  The  Tomboy  Gold 
Mining  Company,  which  bought  the  mine  in  18U4,  had  it  profitably  workini;  by 
April,  1805.  In  that  year  the  product  was  nearly  $600,000,  and  in  1896  the  prodnct 
was  nearly  $800,0()().  Recently  the  mine  has  again  changed  hands,  and  it  is  stated 
that  the  present  monthly  output  averages  about  $90,000. 

The  main  adit  is  at  12,130  feet  elevation,  very  near  the  head  of  Savage  Basin. 
The  greater  portion  of  the  work  has  been  done  on  one  level,  consisting  of  a  drift 
over  3,000  feet  in  length,  with  stopes  extending  up  to  a  height  of  200  feet  above 
the  drift.  As  indicated  on  the  map,  a  second  adit,  3SI  feet  vertically  below  the 
upper  one,  is  being  run  to  cut  the  vein.  At  the  time  of  my  visit  this  was  1,128 
feet  in  length.  Its  starting  point  is  directly  above  the  site  of  the  Toml)oy  mill. 
All  the  ])ortion8  of  the  vein  worked  during  WM\  were  in  the  upper  augite-andesite, 
although  the  contact  of  this  with  the  tjp  of  the  San  Juan  breccias  lies  not  far 
l)elow.  The  lower  adit  is  certainly  in  the  breccias,  but  the  exact  level  at  which 
the  contact  occurs  it  is  impossible  at  present  to  state.  A  specimen  collected  in  a 
winze  sunk  100  feet  from  the  main  level,  althongh  it  contains  fragments,  is  of  the 
normal  color  characteristic  of  the  augite-andesite.  and  is  altogether  so  decomposed 
that  its  microscopic  determination  is  impossible.  It  was  stated  that  a  dike  accom- 
panies the  Tomboy  vein  for  a  part  of  its  length,  as  now  developed.  Although  I 
can  not  say  that  the  observations  in  the  mine  confirmed  this  statement,  nor  that 
the  microscopic  examination  revealed  any  rock  differing  from  that  of  the  country 
in  general,  yet  in  view  of  the  limited  examination  which  was  made,  it  can  not  be 
denied  that  a  dike  may  exist. ' 

The  i)eculiariti<^s  of  the  Tomboy  vein,  considered  with  reference  to  the  fissure 
systems  which  it  follows,  have  lieen  described  and  illustrated.*  So  constantly 
does  tlie  vein  shift  from  one  to  another  set  of  fissures  that  it  is  impossible  to  get, 

'  Prolitninary  roiwrt  on  tho  mining  industries  of  the  Telluride  quadrangle,  Colorado:  Eight- 
eenth Ann.  Rept.  U.  S.  Oeol.  Survey,  Pt.  III.  \y^S)i<. 
'•'Op.  rit,  pp.  KW-841. 

'  No  dike  was  s»een  in  my  own  examination.    F.  L.  R. 
<  See  Purlugton,  op.  t:it.,  p.  778. 
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at  any  one  point  in  the  workings,  a  compass  reading  which  represents  its  average 
coarse.  This  is,  however,  as  may  be  measured  from  the  surveys  plotted  on  the 
map,  N.41''  W.,  while  the  dip  averages  77**  to  the  southwest  The  limits  of  the 
narrowly  cleaved  zones,  which  have  been  filled  by  ore,  are  fairly  well  defined,  and 
it  is  only  occasionally  that  stringers  accompany  the  main  lode,  separated  by  any 
considerable  amount  of  wall  rock.  Such  stringers  have  been  found,  however,  at 
as  great  a  distance  as  10  feet  from  the  main  vein.  The  width  of  the  main  lode  is 
variable,  but  is  generally  from  4  to  7  feet.  It  sometimes  attains  the  width  of  12 
feet,  and  in  one  place  pinches  to  less  than  1  foot.  This  vein  presents  more  the 
character  of  a  solid  filling  between  two  walls  than  most  of  those  seen  in  the  district. 
The  linked-vein  type  is  very  well  shown  in  some  places,  but  is  subordinate. 
Angular  frag^xients  of  the  country  rock  are  frequent,  and  are  especially  well 
shown  in  the  faces  of  the  stopes  and  drifts  on  account  of  the  whiteness  of  the 
surrounding  quartz.  Figure  73  shows  such  a  fragment  included  in  the  quartz. 
As  before  stated,  the  angular  character  of  these  fragments  is  one  of  the  strongest 
pieces  of  evidence  that  the  ore  is  the  filling  of  open  spaces,  unaccompanied  by 
molecular  replacement  of  the  country  rock. 

The  vein  minerals  are  remarkably  few  in  number,  and.  with  the  exception  of 
the  quartz,  do  not  appear  to  bear  much  relation  to  the  values,  which  are  almost 
entirely  in  gold.  The  quartz  is  by  far  the  largest  constituent,  is  white,  and  may 
be  described  as  coarsely  saccharoidal,  with  the  spheroidal  arrangemetit  of  crystals 
noted  above.  It  is  remarkable  that  much  of  the  quartz  which  is  commonly 
referred  to  as  **  bony,"  and  is  ordinarily  barren  of  values,  is,  in  the  Tomboy  vein, 
rich  in  gold,  and  often  contains  free  gold  visible  to  the  unaided  eye.  Accompany- 
ing the  quartz  there  is  much  blackish,  soft  material,  which  has  been  determined 
as  peroxide  of  manganese.  Although  no  manganese  carbonate  has  been  found  in 
this  vein,  its  general  occurrence  in  neighboring  veins  makes  it  probable  that  it 
was  formerly  present,  and  the  oxide  is  in  part  the  result  of  its  decomposition. 
The  vein,  on  the  whole,  presents  an  unusually  decomposed  appearance,  as  does  the 
wall  rock  in  contact  with  it.  Much  white,  clay-like  material,  usually  of  a  sticky 
consistency,  from  its  saturation  with  water,  is  of  universal  occurrence  in  the 
vein.  This  is,  indeed,  present  in  such  quantities  as  to  give  considerable  difficulty 
in  the  milling  of  the  ore.  It  is  usually  known  as ''talc."  Doubtless  much  of  it 
is  merely  material  residual  from  the  trituration  of  the  country  rock  along  the 
fissured  zones.  Some  is,  however,  of  more  definite  composition,  and  chemical 
tests  prove  it  to  consist  largely  of  finely  divided  sericit«— one  of  the  potash  micas. 
Kaolinite  has  been  shown  to  occur  with  it,  its  prasence  being  probably  due  to 
surface  decomposition  of  portions  of  the  wall  rock  included  in  the  lode.  The 
greater  or  less  amount  of  this  material  in  the  vein  does  not  appear  to  bear  any 
relation  to  the  value  of  the  ore. 

Calcite,  and  probably  siderite,  occur.  The  occurrence  of  fluorite  has  already 
been  described  at  some  lengtli.  Iron  pyrite  is  present  in  small  amount,  and  the 
gold  values  do  not  appear  to  be  associated  with  it  to  any  extent.  More  often 
than  otherwise  it  occurs  associated  with  galena  and  zinc  blende  in  a  narrow 
streak,  which  crosses  from  one  wall  to  the  other  in  the  vein,  and  is  fairly  con- 
tinuous through  the  workings.  Small  quantities  of  Hulphurets  are,  however, 
disseminated  throughout  the  vein.  The  gold  is  more  than  three-fourths  free,  its 
total  value  being  about  $20  to  the  ton.  The  concentrates  run  $40  to  $45.  The 
gold  averages  0.735  fine.  The  gold  has  not  been  found  in  the  iron  pyrite  e.xcept 
in  small  amount.  Much  of  it  is  extremely  finely  divided,  and  hitherto  difficulty 
has  been  experienced  in  saving  it  at  alL 

Since  Piirington's  observations  were  made,  the  lower  tunnel  has 
been  extended  through  the  main  lode  to  what  is  known  i%s  the  *' North 
vein,"  or  Iron  vein,  some  300  feet  beyond.     The  main  lode  was  cut 


208  ECONOMIC    GEOLOGY   OF   8ILVERTON   QUADRANGLE.     [BULL-ltt 

through  an<l  considerable  drifting  done  on  the  low-grade  North  lode 
before  the  fact  was  suspected  that  the  main  lode  ha<l  been  overshot. 
These  two  veins  show  a  very  interesting  relationship,  which  will  be 
further  de8(*ril)ed  later  on.  This  main  adit  connects,  through  slopes 
and  raises,  with  the  drifts  of  the  '*300  level,"  140  feet  below  the  *^lW 
level."  A  shaft  has  also  l)een  sunk  for  300  feet  l>elow  the  600  level 
(main  adit  level),  and  drifts  run  in  both  directions  on  the  main  lode 
at  the  700  and  800  levels,  while  drifting  was  al>out  to  l>egiii  also  on  the 
900  level  in  1900. 

Purington  states  that  the  ''vein  presents  more  the  chai-acter  of  a 
solid  filling  l>etween  two  walls  than  most  of  those  seen  in  the  district." 
To  one  coming  to  the  study  of  this  lode  from  the  Silverton  region,  to 
the  east  and  southeast,  its  striking  feature  is  the  regular  and  nar- 
rowly spaced  zone  of  sheeting  and  the  fact  that  the  lode  is  composed 
of  a  series  of  more  oi*  less  regular  plates  of  quartz  separated  b^'  slieets 
of  country  rock.  In  fact,  this  structure,  combined  with  that  charac- 
teristic of  the  linked-vein  tyi)e,  are  the  two  most  prominent  structural 
features  of  the  Toml>oy  lo<le.  The  peculiar  intersections,  at  small 
angles,  of  various  fissured  zones  referred  to  by  Purington  ^  appears  to 
be  a  relatively  subordinate  feature,  and  was  recognized  by  me  at  only 
one  place.  There  is  one  curve  in  the  main  vein  which  is  found  on  all 
the  levels.  At  this  curve  on  the  <)00  level  a  few  small  stringers  were 
noted  running  out  into  the  walls.  However,  in  any  but  ideal  expo- 
sures it  is  manifestly  a  most  difficult  nmtter  to  distinguish  tlie  inter- 
sections described  by  Purington  from  what  I  have  preferred  to  regard 
as  an  example  of  linked-vein  structure. 

The  dip  of  the  lode  varies  from  50^  to  SO""  to  tlie  southwest — usually 
about  70"".  It  is  commonly  accompanied  b}^  a  wet  seam  of  clay  gouge 
along  the  hanging  wall.  Along  the  foot  wall  is  a  stringer,  or  vein, 
somewhat  more  solid  than  the  auriferous  portion  of  the  lode,  carry- 
ing galena  and  zinc  blende  and  *' frozen"  to  the  wall.  This  foot- wall 
streak  is  sometimes  in  contact  with  the  higher-grade  gold-bearing 
quartz,  sometimes  sepai*ated  by  a  plate  of  country  rock.  Its  solidity 
and  fresh  appearance  is  often  in  great  contrast  to  the  rusty  auriferous 
ore  alongside.  It  has  been  brecciated  in  places,  and  the  ore  solidly 
healed  with  white  quartz.  The  foot  wall  alongside  it  has  been  rather 
irregularly  fractured  and  veined.  I  was  unable  to  ascertain  whether 
this  foot-wall  streak  was  distinctly  different  in  age  from  the  aurifer- 
ous portion  of  the  lode. 

The  crushed  an<l  decomposed  aspect  of  the  gold-bearing  part  of  the 
lode,  often  accompanied  by  black  oxide  of  nmnganese,  kaolinite, 
sericite,  and  copper  stains,  ha^s  been  referi*ed  to  by  Purington.  That 
these  i)ortions  of  it  have  been  subjected  to  some  movement  subsequent 
to  the  original  deposition  of  the  quartz  is  shown  by  the  presence  of 
clay  seams  traversing  the  ore.     Subsequent  fractures  filled  with  wet 

'  Op.  cit.,  p.  778,  flg.  60. 
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clay  {jTOUge  and  crushed  quartz  frequently  enter  the  lode  obliqueb' 
from  tlie  southwest.  Some  of  the  richest  bunches  of  oi'e  said  to  liave 
been  found  were  where  they  intersect  tlie  main  lode.  The  best  ore 
usually  occurs  in  the  steeper  portions  of  the  vein.  The  pay  shoots 
are  stated  to  lie  flat,  one  above  another,  and  to  extend  diagonally 
acn)ss  the  lode  from  northwest  to  southeast. 

The  richest  ore  is  invariably  found  in  the  shattered  and  stained 
parts  of  the  lode,  generally  alongside  a  soft  gouge  of  crushed  and 
decomposed  andesite.  The  gold  usually  occurs  free  and  very  finely 
disseminated.  When  visible,  it  is  era- 
bedded  solidly  in  the  unpromising-look- 
ing vitreous  quartz,  although  Mr.  Ros- 
coe  Wheeler,  the  assayer  at  the  mine, 
informed  me  that  he  had  found  one 
piece  of  gold  in  a  fracture  plane  in  the 
quartz.  In  the  more  recent  workings, 
below  the  300  level,  the  vein  is,  as  a 
whole,  less  shattered  and  stained.  Even 
at  the  800  level,  however,  portions  of 
the  lode  exhibit  the  character  above  de- 
scril)ed,  accompanied  by  clay  seams, 
and  such  portions  are  always  rich.  On 
this  level  the  vein  is  sometimes  10  to  12 
feet  wide,  with  2  to  3  feet  of  galena  ore 
on  the  foot  wall,  the  latter  ore  beinji** 
more  abundant  here  than  in  the  upi)er 
levels. 

The  description  thus  far  lias  been  of 
the  main  Tomboy  lode.  There  remain 
to  be  described  the  Iron  lode  and  its 
relation  to  the  Tomboy.  The  two  lodes 
are  nearly  parallel  in  strike,  the  Iron 
vein  having  a  slightly  more  westerly 
coui*sethan  the  Tomboy,  which  is  about 
N.  40°  W.  But  the  Tomboy  lode  dips 
to  the  southwest,  whereas  the  Iron 
vein  dips  northeast.  As  a  consequence  of  this  divei*sity  of  dip 
the  two  veins  intersect,  so  that  the  Iron  vein,  which  above  the  300 
level  was  encountered  on  the  northwest  side  of  the  Tomboy,  on  the 
lower  levels  is  found  on  the  northeast  side.  Near  the  main  adit  this 
intersection  takes  place  at  about  the  300-foot  level,  but  the  line  is  not 
horizontal.  The  slij^ht  difference  in  strike  of  the  two  lodes  gives  their 
intersection  a  pitch  to  the  northwest  of  about  0°  from  the  horizontal. 
The  intei'section  in  vertical  plane  is  shown  in  the  accompanying  cross 
sections  (figs.  14  and  15),  drawn  from  notes  of  surveys  made  by 
Mr.  John  Ilerron.     The  relation  of  these  lodes  is  such  that  at  each 
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PlO.  14.— Cross  section  of  the  Tomboy 
and  Iron  lodes  through  Nu.  2  raise, 
l)etween  the  tfOO-foot  and  'JiJO-foot 
levels.  Platted  from  notes  of  sur- 
veys by  Mr.  John  Herron. 
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level,  if  carried  far  (Mioiigh,  tluM^e  should  be  found  »  place  where  the 
two  lodes  cross  in  a  horizontal  plane.  The  confluent  portions,  how- 
ever, must  lie  much  farther  northwest,  tluMiretically  about  050  feet 
for  cfich  additional  \W  feet  in  depth.  The  workings  as  yet  are  not 
sufficiently  extensive  to  determine  whetlier  this  feature  of  their  inter- 
section actually  holds  true  on  all  levels.  The  intersection  of  the  lodes 
led  to  a  curious  error  when  the  present  main  adit  tunnel  (600  level) 
was  run.  In  all  the  old  adits  alwve  the  300  level  the  relativelj'  barrt»n 
Iron  vein  had  been  cut  before  I'eaching  the  Tomboy  lo<le,  the  two 
being  220  feet  apart  on  the  200  level.     In  the  GOO  adit,  however,  the 

Tomboy  was  fli-st  cut,  and  as  it 
was  not  productive  at  this  point, 
it  was  supposed  by  those  then 
in  chai-ge  of  the  exploitation  to 
Ix^  the  Iron  vein  reversed  in  dip. 
Consequently  the  adit  tunnel 
was  continued  185  feet  farther 
to  the  Iron  vein,  which  was 
then  worked  on  the  supposition 
that  it  was  the  Tomboy.  It  is 
generally  barren,  but  on  this 
level  shows  an  ore  body  alK)ut 
15  feet  wide  and  over  100  feet  in 
length.  It  is,  however,  a  galena 
ore,  carrying  about  40  ounces  of 
silver,  and  totall}'  different  from 
the  Tomboy  ore. 

The  exact  nature  of  the  inter- 
section of  the  two  lodes  is  not 
determinable  from  present  ex- 
posures. In  raising  from  the 
000  level  to  the  200  level  on  the 
Iron  vein  for  the  purpose  of 
connecting  with  the  upper  drifts 
on  the  Tomboj'  lode,  it  was 
found  that  these  raises  came 
out  as  much  as  50  feet  within  the  hanging  wall  of  the  latter  lode  and 
connection  had  X-o  be  made  by  crosscut-ting  (figs.  14  and  15).  It  was 
noted  that  each  of  these  raises  passed  at  some  jwint  through  a  great 
mass  of  somewhat  shattered  quartz,  usually  al)out  12  feet  wide,  and 
with  no  regular  walls.  This  was  ])robal)ly  the  intersection  of  the  lodes, 
as  indicated  by  subsequent  surveys.  One  of  the  best  pay  shoots  in  the 
mine  occurred  at  a  point  which  was  afterwai'ds  discovered  to  be  on  or 
near  this  line  of  the  intersection.  On  the  300  level,  northwest  drift, 
the  gradual  convergence  of  the  Tomboy  and  Iron  lodes  has  l)een 
traced  by  crosscutting  at  intervals  from  the  former  to  the  latter.     At 
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PlO.  16.— Cross  section  of  the  Tomboy  and  Iron 
lodes  through  No.  13  raise  on  the  Iron  lode  and  a 
neighboring  raLje  (projected)  on  the  Tomboy- 
lode.  Platted  from  notes  of  surveys  by  Mr. 
John  Herron. 
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the  point  where  the  intersection  probablj'  takes  place  is  a  confused 
mass  of  quartz,  altered  country  rock,  and  ore  over  12  feet  wide,  with 
irrei^^ular  walls.  From  this  ore  body  two  veins  again  diverge,  which 
may  represent  the  northwest  continuations  of  the  Tomboy  and  Iron 
lodes.  They  are  here  small  and  have  not  yet  been  much  drifted  upon. 
It  is  at  present  impossible  to  determine  the  relative  ages  of  the  Tora- 
boj'  and  Iron  lodes.  It  is  not  unlikely  that  their  ages  are  substantially 
the  same. 

The  contact  between  the  San  Juan  breccia  and  the  overlying  massive 
andesite  belonging  to  the  Silverton  series  occurs  in  the  Tomboy  at 
about  the  300  level,  but  the  two  rocks  are  not  very  readily  distin- 
guished under  ground.  It  does  not  appear  that  the  change  in  country 
rock  has  effected  any  noticeable  change  in  the  character  or  quantity 
of  the  ore. 

In  the  general  sheeted  character  of  the  Assuring,  in  the  vitreous 
nature  of  most  of  the  auriferous  quartz  and  in  its  shattered  and 
stained  appearance,  in  the  presence  of  a  low-grade  galena  streak  near 
the  foot  wall,  and  in  the  almost  exclusively  gold  output,  the  Tomboy  lode 
shows  much  similarity  to  the  Camp  Bird.  About  nineteen-twentieths 
of  the  Tomboy  product  is  gold. 

The  Tomboy  mill  is  equipped  with  2  Union  and  1  Blake  crusher,  2 
sets  of  rolls,  8  Huntington  mills,  and  24  Frue  vanners.  The  pulp  from 
the  Iluntingtons  is  passed  over  silvered  amalgamating  plates,  which 
retain  over  75  per  cent  of  the  gold.  The  Huntingtons  are  the  equiva- 
lent of  about  (K)  stamps,  and  the  capacity  of  the  mill  is  about  200  tons 
daily.  The  power  is  electricity  transmitted  from  Ames,  12  miles  dis- 
tant, to  a  150-horsepower  motor.  A  Corliss  engine  of  120  horse- 
power is  held  in  reserve. 

The  water  supply  of  the  Tomboy  is  drawn  from  a  small  lake  on  the 
eastern  side  of  the  divide,  in  Ouray  County.  It  is  pumped  to  the 
mine  by  electric  power  from  Ames. 

The  Tomboy  has  produced  from  *4,000,000  to  $5,000,000. 

Japan  mhie^ — The  Japan  vein  is  nearly  parallel  with  the  Tomboy 
and  lies  to  the  southwest.  It  is  recognized  as  crossing  the  main  Tom- 
boy adit  tunnel  at  about  900  feet  from  its  mouth,  and  therefore  about 
835  feet  southwest  of  the  Tomboy  lode.  It  has  been  drifted  on  for  a 
short  distance,  but  in  the  Tomboy  ground  is  too  small  to  work.  The 
workings  of  the  Japan  mine  lie  about  one-fourth  mile  northwest  of 
the  Tomboy  adit,  and  the  two  mines  are  not  connected.  Not  much 
work  had  been  done  on  the  Japan  prior  to  1894. 

The  course  of  the  Japan  lode  is  about  N.  47°  W.  The  general  dip 
is  to  the  southwest  at  from  70°  to  80°,  although  on  level  No.  1  the 
exceptionally  low  dip  of  50°  was  noted. 


1  Since  this  doscription  was  written,  readjustment  of  the  primary  triantniiation  of  the  United 
States  Coast  and  Qeodetic  Survey  has  resulted  in  placing  the  Japan  and  Columbia  mines  outside 
of  the  Silverton  quadrangle.    The  descriptions,  however,  are  retained  as  originally  written. 
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A  cM*c)sseut  tiiniK^l  of  about  250  fcM*t,  running  h  little  west  of  north, 
gives  HceoHs  to  the  vein  on  tlie  No.  1  level.  Below  this  level,  at  inter- 
vals of  125  fe(jl,  HVi'  levels  2  and  3,  worke<l  through  a  shaft  from  \o. 
1  lev(»l.  The  lode  as  a  rule  is  an  unusually  regular  plate  of  ore,  hav- 
ing an  averagi*  width  of  alK)ut  18  inehes  and  generally  frozen  to  the 
walls.  Less  frequently  it  is  a  I'egular  sheeted  zone,  3  or  4  feet  wide, 
the  stringers  of  ore  and  quartz  showing  eomb  and  vug  strueture. 
Even  where  the  lo<le  is  a  simple  solid  vein  a  foot  in  width,  the  walls, 
especially  the  foot  wall,  may  show  conspicuous  sheeting  for  some  di.s- 
tanee  from  the  ore.  The  hanging  wall  is  usually  smooth  and  regu- 
lar. The  country  rock  of  the  portions  of  the  vein  now  worked  is 
andesitic  breccia  of  the  San  Juan  series. 

The  ore  consists  of  galena  and  sphalerite,  with  a  little  free  gold, 
argentite,  and  wire  silver,  in  a  gangue  of  quartz,  rhodochrosite,  and  a 
little  fluorite.  A  bande<l  structure  is  often  very  noticeable.  A  typ- 
ical section  of  the  vein  as  seen  in  one  of  the  stopes  is  shown  in  fig.  5 
(p.  00).  In  this  case  the  stringers  of  barren-looking  quartz  next  the 
walls  appeared  to  be  of  later  age  than  the  banded  ore  between  them. 

The  average  value  of  the  Japan  on?  is  about  t25  per  ton.  Nearly 
one-half  of  this  is  in  gold,  the  other  being  equally  divided  between 
silver  and  lead.  All  the  ore,  except  a  little  streak  of  rich  lead  ore, 
which  often  occure  in  veins,  is  milled. 

About  150  feet  northeast  of  the  Japan  vein  is  a  second  parallel 
lode — the  Morning  vein — with  the  same  general  dip  as  the  Japan. 
Where  cut  by  the  Mikado  crosscut  from  the  No.  1  level  of  the  Japan, 
this  vein  is  only  5  inches  wide  and  carries  galena  ore,  frozen  to  the 
walls.  Elsewhere  it  is  wider  and  often  carries  much  coarsely  crystal- 
line pale-green  and  white  fluorite.     This  lode  is  not  worked. 

About  750  feet  northeast  of  the  Morning  vein  the  Mikado  crosscut 
passes  through  a  third  parallel  vein,  here  not  much  more  than  a  fissure 
carrying  some  goug<».  In  all,  the  Mikado  crosscut  has  been  driven 
nearly  l,iiO()  feet  to  the  northeast  in  the  hope  of  cutting  the  continua- 
tion of  the  Tomboy  lode.  Sev<»ral  small  fissures,  generally  parallel 
with  the  Japan  lode,  hav(»  b«>en  cut,  but  none  of  them  carry  ore  in 
commercial  quantitii^s.  Apparently  the  Tomboy  loile  does  not  con- 
tinue^ so  far  to  the  northwest,  or  else  is  diminished  in  size  and  changed 
in  character  so  as  to  be  unrecognizable. 

I'he  Japan  and  Morning  veins  are  l)oth  faulttnl  by  the  Flora  vein, 
with  a  course  of  N.  05°  E.  and  a  dip  of  55  or  00°  to  the  southeast. 
This  is  a  barren  quartz  vein  about  2  feet  wide  filling  a  fault  fissure 
wiiich  has  thrown  the  southeastern  portion  of  the  Japan  and  Morning 
lodes  al)out  10  feet  to  the  southwest.  This  same  vein  probably  faults 
the  Toml)oy  lode  also,  in  ground  not  yet  explored,  and  may  be  con- 
nected with  the  failure  of  the  Tombo}'  to  appear  in  the  Mikado  cross- 
cut. The  position  of  the  Flora  vein  is  well  marked  on  the  surface,  as 
its  outcrop  determines  the  presence  of  a  little  ravine. 
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About  150  feet  southwest  of  the  Japan  lode  lies  the  Whale  vein, 
strikin|2:  N.  40°  W.,  and  therefore  a  member  of  the  same  generally 
parallel  sys^tem  of  veins  to  which  belong  the  Tomboy,  Iron,  Japan, 
and  Morning  lodes,  with  othei-s  yet  to  be  described.  The  dip  is  south- 
west at  75°.  The  Whale  is  a  small  vein,  seldom  over  G  inches  wide, 
and  consists  of  solid  white  quartz  carrying  some  free  gold.  It  has 
been  worked  near  the  surface  and  has  produced  some  rich  gold  ore. 
It  is  (»ut  in  the  Climax  tunnel,  an  unused  upper  level  lying  east  of  the 
Flora  v(»in.  The  Climax  crosscut  also  continues  into  the  Japan  lode 
(here  called  the  Climax)  and  on  to  the  Morning  vein,  170  feet  beyond. 
The  andesitic  country  rock  between  these  veins  shows  pronounced 
parallel  sheeting. 

The  Japan  mill  is  equipped  with  1  Gates  crusher,  2  sets  12  by  20 
Davis  rolls,  (>  3-compartment  Ilarz  jigs,  I  5-foot  Huntington  mill,  2 
6-foot  Wilfley  concentrators,  and  2  4-foot  Triumph  concentratois. 

Power  is  furnished  by  a  50-horse power  Westinghouse  motoi*  sup- 
plied with  electricity  from  Ames.  The  capacity  of  the  mill  is  about 
60  tons.     The  total  product  of  the  Japan  has  been  about  l?600,000. 

Argentina  mine. — This  is  located  on  a  very  prominent  lode  crop- 
ping near  the  bed  of  Savage  Creek,  just  southwest  of  the  Tomboy  and 
Japan  mines.  The  strike  of  the  lode  is  about  N.  35°  W.,  and  the  dip 
75°  to  80°  to  the  southwest.  The  croppings,  often  stained  black  by 
oxide  of  manganese,  may  be  traced  over  the  ridge  to  the  southeast 
into  Ingram  Basin  and  beyond  the  edge  of  the  quadrangle  to  the 
northwest  into  Marshall  Basin.  It  is  one  of  the  prominent  group  of 
strong,  continuous,  generally  parallel  lodes  of  this  region,  to  which 
belong  the  Smuggler,  Cimarron,  Tomboy,  Japan,  and  countless  smaller 
veins.  As  early  as  1882  and  1883  several  shafts  were  sunk  on  the 
Argentina  claim  and  some  rich  free-gold  ore  was  taken  out  near  the 
surface,  but  for  many  years  the  mine  has  been  idle.  In  1900,  how- 
ever, the  Tomboy  Companj^  took  hold  of  the  property  and  drove  a 
tunnel  on  the  vein.  In  August  a  length  of  800  feet  had  lx?en  attained, 
and  the  whole  width  of  the  lode  was  being  milled. 

The  lode  nowhere  shows  less  than  5  feet  of  ore,  and  in  places  is  12 
and  15  feet  wide.  The  country  rock  is  the  San  Juan  andesitic  breccia, 
with  some  massive  andesite.  There  is  no  gouge  and  no  regular  walls. 
Stringei*s  from  the  main  vein-filling  traverse  the  hanging  wall  irregu- 
larly, and  the  best  ore  is  usually  found  in  this  mixture  of  stringers 
and  country  rock. 

The  oi'e  shows  galena,  sphalerite,  chalcopyrite,  pyrite,  and  some- 
times free  gold,  in  a  gangue  of  quartz  and  rhodonit-e.  It  is  variable 
in  tenor,  but  as  a  whole  carries  alx)ut  $16,  chiefly  in  gold,  with  less 
important  values  in  silver  and  lead. 

The  present  work  is  considered  mei*ely  as  prospecting,  and  the  ore 
removed  in  drifting  has  been  treated  in  the  Toml)oy  mill.^ 


A  tramway  has  sinc<3  beeu  erected,  conuectini;  the  Arifeatiua  with  the  Tumbuy  mill. 
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Columbia  711  hie. — This  property  is  also  on  a  prominent  lode  which 
lies  southwest  of  the  Argentina,  and  which  is  the  southeastern  con- 
tinuation of  the  Cimarron  vein  in  the  Telluride  quadrangle.  The 
Columbia  mine  is  at  present  not  extensively  or  continuously  worked. 
The  vein  as  seen  underground  is  much  like  the  Japan,  but  less  regu- 
lar. Its  strike  is  about  X.  30°  W.,  with  a  variable  dip  of  (>0''  to  75°  to 
the  southwest.  The  ore  is  sometimes  2  feet  in  width',  but  more  often 
about  10  inches.  In  places  it  is  solid,  consisting  of  quartz,  galena, 
sphalerite,  and  pyrite,  with  little  or  no  gouge;  but  often  it  is  crushed 
and  pinched  by  post-mineral  movement  along  the  fissure.  As  in  the 
Japan,  parallel  sheeting  of  the  walls  of  San  Juan  breccia  is  a  noticea- 
ble accompaniment  of  the  vein.  The  stringers  of  quartz  which  often 
fill  the  fissures  in  the  sheeted  country  rock  are  practically  barren. 

All  the  ore  is  concentrated.  The  best  of  it  carries  alx)ut  1  ounce  of 
gold,  70  ounces  of  silver,  and  80  i)er  cent  of  lead. 

North  Chicago  min^, — This  property,  which  has  been  idle  for  some 
time,  lies  in  Savage  Basin  near  its  head,  and  is  x>erhaps  on  the  Tomboy 
lode.     It  was  worked  through  a  shaft. 

ORE  DEPOSITS  OF  THE  RED  MOUNTAIN  REGION. 

OeneraJ, — Under  this  head  will  be  described  the  various  ore  depos- 
its occurring  about  Ironton  Park  and  Red  Mountain.  They  include 
ordinary  fissure  lodes  and  replacement  deposits  of  more  than  one  kind. 
But  the  bodies  of  ore  which  gave  this  particular  region  its  fame  are 
of  a  type  less  commonly  met  with  in  other  districts.  The  ore  occurs 
in  so-called  ** chimneys" — i.  e.,  nearly  vertical  bodies  of  ore  roughly 
circular  or  elliptical  in  plan.  Unfortunately,  owing  to  the  idleness  of 
these  mines,  satisfactory  study  of  the  ore  bodies  is  not  at  this  time 
possible.  In  a  few  cases  access  was  had  to  the  old  upp^r  workings, 
but  for  information  in  regard  to  the  deeper  portions  of  the  deposits 
recourse  must  be  had  to  a  few  published  descriptions,  the  annual 
reports  made  by  sui)erintendents  to  the  directors  of  companies,  and 
to  information  gathered  from  those  wlio  were  familiar  with  the  deeper 
mines  before  they  shut  down.  The  latter  is  sometimes  conflicting, 
but  by  judiciously'  weighing  its  various  sources  and  by  making  allow- 
ances for  different  points  of  view  an  endeavor  has  been  made  to 
supply  as  nearly  as  possibh^  the  unavoidable  lack  of  observation  at 
first  hand. 

The  country  rock  in  which  the  (iuston,  Yankee  Girl,  and  neigh- 
boring mines  lie  is  a  pail  of  the  SilviM'toii  formation.  It  is  an  ande- 
sitie  breccia,  usually  somewhat  decomposed  near  the  surface,  and 
apparently  originally  of  rather  homogeneous  character.  With  it  are 
associated  some  flows  of  massive  andesite.  Locally  the  rock  has  been 
so  altered  by  thernml  action  as  to  obliterate  its  original  features.  It 
is  changed  to  a  white  or  yellowish  siliceous  mass,  in  which  the  breccia 
structure  is  usually  ol)scured  or  lost.     C2uartz  is  abundantly  visible 
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in  it  as  fine  veinlets  and  irregular  bimelies,  and  the  mass  generally 
contains  much  finely  disseminated  pyrite.  The  nature  of  this  altera- 
tion has  already  been  fully  described  on  pages  124-131. 

The  Silverton  breccia  is  cut  by  numerous  dikes,  sills,  and  irregular 
intrusive  masses  of  andesite.  Intrusive  jdug-like  masses  of  mon- 
zonite-porphyry,  carrying  conspicuous  phenocrysts  of  orthoclase  and 
quartz  in  a  fine  gray  groundmass,  are  also  common.  Such  a  mass  is 
exposed  at  the  roadside  between  the  Yankee  Girl  and  Guston  mines. 

The  general  character  and  distribution  of  the  typical  Red  Mountain 
ove  deposits  have  already  been  discussed  (pp.  103-104),  and  it  is  only 
necessary  in  this  place  to  proceed  tlirectly  to  the  detailed  descriptions 
of  the  various  mines. 

Yankee  O-irl  mine. — The  Yankee  Girl  ore  body  was  discovered  in 
the  autumn  of  1881  by  John  Robinson.*  In  1882  it  was  l>eing  opened 
by  two  shafts,  each  about  50  feet  deep.  At  that  depth  the  ore  is  said  to 
have  been  about  9  feet  wide,  consisting  chiefly  of  galena  with  bunches 
of  chalcopyrite,  and  carrying  as  much  as  80  ounces  of  silver  and  05 
per  cent  of  lead.  The  ore  body  was  rapidly  opened  up  and  proved 
large  and  rich.  In  1883,  with  a  thousand  feet  of  drifts  and  shafts, 
about  3,000  tons  of  ore  were  extracted,  with  an  average  value  of  nearly 
S150  per  ton.  The  product  for  this  year  is  given  in  the  Mint  report 
as  $400,000,  and  the  ore  is  said  to  have  carried  a  high  percentage  of 
lead.  In  1884,  according  to  the  same  authority,  the  mine  was  pro- 
ducing about  40  tons  a  day,  which,  at  $150  per  ton,  would  be  something 
over  $2,000,000  for  the  year.  This,  however,  is  obviously  an  excessive 
estimate.  In  1887  the  output  is  not  known,  but  was  probably  much 
less  than  $200,000.  In  1890  it  is  credited  with  $1,352,994,  the  silver, 
as  usual,  being  given  at  its  coinage  value  and  no  return  being  made  for 
copper  or  lead.  In  1891  the  product  is  given  as  $001,465  in  gold  and 
silver,  and  in  1892  it  hml  fallen  to  $95,445.  Of  this  amount  $5,200 
was  in  gold,  $48,333  in  silver  (coinage  value),  $3,632  in  lead,  and 
838,280  in  copper.  Thus  these  fragmentary  records  show  that  in  the 
course  of  ten  years'  working  the  ore  changed,  within  a  vertical  dis- 
tance of  1,0(X)  feet,  from  one  carrying  chiefly  galena  to  one  rich  in 
copper. 

This  has  probably  been  the  most  widely  known  and  most  produc- 
tive mine  in  the  Red  Mountain  district,  although  closely  rivaled  by 
the  Guston.  But  it  was  an  expensive  mine  to  o[)erate  on  acjcount  of 
the  irregular  form  of  its  large  ore  bodies,  the  abundance  and  corrosive 
activity  of  its  waters,  and  the  necessity  of  hoisting  and  pumping 
through  deep  shafts.  These  adverse  conditions,  in  conjunction  with 
a  falling  off  in  the  value  of  the  ore  and  the  decline  in  silver,  linally 
caused  the  mine  to  shut  down  about  1896. 

Th<»  Vanke(»  Girl  on;  body  lies  in  Silverton  breccia  (possibly  extend- 


'  T.  A.  Ricknrd  (Traus.  Am.  Inst.  Min.  Eng.,  Vol.  XXVI,  ISW,  p.  842)  states  that  the  disrovery 
was  nuult?  in  August,  lHr»2.  V)y  Andrew  Mcldrum.    This  in  apparently  erroneous. 
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inir  Ix^low  into  tlio  San  Juan  l)rcH»<'ia),  which,  in  tho  vicinity  of  the 
mint',  is  <hM*onijH>s**<l  and  weathen*(l  near  the  surface.  Sueh  eroppings 
as  may  fornierly  liave  In^en  visible  have  lK*en  covered  bv  the  shaft 
h<>us<*  and  other  mine  liuihlin^s.  The  mine  was  formerly  worked  by 
a  vcrti<*al  shaft  over  1,(MK>  feet  in  depih,  wliieh  in  ISOO  was  nearly  full 
of  water,  renderinji:  the  workings  wholly  inaccessible. 

T.  E.  Schwarz'  descrilMMl  the  Yankee  Girl  ore  in  JS83  as  oecurrinir 
"in  fou'r  chimn<\vs,  thn»e  near  the  south  side  of  a  dike  and  the  fourth 
near  the  north  side  of  another  dike  some  distance*  away.  The  ore  in 
each  chimney  is  similar  and  often  occurs  in  bowlder  form.''  In  188<*i 
Mr.  S.  F.  Emmons  mad<»  a  brief  visit  to  the  mine  and  recorde<l  his 
observations  in  the  following  notes,  not  hitherto  publisheil: 

Tho  main  nhaft  is  sank  al)out  on  a  level  with  the  road,  bat  the  old  tunnel  runs 
in  from  the  bottom  of  the  valley  below,  which  slopes  here  very  steeply;  thetannel 
cuts  the  shaft  about  75  feet  from  the  surface.  From  the  top  of  the  shaft  dovn 
to  the  tunnel  level  the  ore  was  lead  ore,  mainly  ga'ena  and  pyrite.  From  the 
tunnel  level  down  the  ore  began  to  change,  copper  coming  in  and  lead  disappear- 
ing: l>e^.ow  the  third  level  is  practically  no  lead.  The  rich  ore  is  now  a  pnrp?e  cop- 
per ore  with  stromeyerite,  copper  glance,  copper  pyrite.  and  some  gray  copper  and 
barite.  Outside  the  ore  body  the  country  rock  is  impregnated  with  fine-grainpd 
pyrite.  In  the  Orphan  Boy,  one  of  the  Yankee  Girl  claims,  is  some  manganese 
spar,  but  it  is  not  at  all  common. 

The  mine  has  six  levels,  the  adit  making  the  first.  The  sixth  level  is  at  a  depth 
of  500  feet.  The  shaft  has  been  sunk  118  feet  deeper,  and  a  station  made  for  a 
seventh  level,  which  has  not  yet  been  opened. 

The  ore  is  found  in  several  cylin<lrical  or  elliptical  chimneys,  called,  respectively, 
the  Yankee  Girl,  Orphan  Boy,  North,  West,  and  South  chimneys.  The  main 
shaft  was  sunk  about  in  the  middle  of  one  of  these  chimneys — the  Yankee  Girl. 
The  discovery  shaft,  al>out  5)  feet  north  of  the  main  shaft,  was  10  feet  down  in 
this  body  when  the  mine  was  finally  purchased  for  $125,000.  In  the  first  and 
.  second  levels  the  main  shaft  is  still  in  this  chimney,  but  below  it  is  cut  at  an  ever- 
increasing  distance  south.  The  chimney  is  nearly  cylindrical  in  shape,  20  to  ^0 
feet  in  diameter,  and  consists  of  white  ([uartz  rock,  more  or  less  impregnated 
with  mineral.  Around  this  is  country  rock,  somewhat  decomposed,  and  impreg- 
nated with  pyrite— a  sort  ot  transition  material:  beyond  this  is  unaltered  breccia. 
Dike  rock,  according  to  Schwarz.  is  always  within  15  feet  or  less  of  the  ore  shoot 
The  west  drift  on  each  level,  running  off  as  a  rule  a  little  south  of  the  shaft, 
generally  cuts  through  the  *' dike  rock"  and  finds  another  chimney  beyond  it 
But  the  shape  of  the  dike  is  very  irregular:  in  one  drift  it  is  over  100  feet  wide,  in 
the  next  ])elow  almost  wanting,  and  comos  in  again  in  the  next  be!ow.  Accord- 
ing to  Schwarz  it  sometimes  runs  ([uite  flat  for  a  considerable  distance.  Herecog 
nizes  two  dikes  running  in  his  ground,  and  another  running  from  the  Guston 
into  the  Robinson.  I  observed  many  joint  planes  or  cross  fractures,  some  showing 
slickensided  surfaces,  and  these  generally  form  walls  to  the  ore  bodies.  Although 
these  have  a  prevailing  direction  northwest,  there  are  many  other  directions,  and 
their  surfaces  are  sometimes  curving.  It  is  my  impression  that  such  planes  have 
admitted  or  given  form  to  tho  ore  ])odies.  an(i  S<hwarz  admits  that  there  is  always 
a  prominent  one  running  with  the  longer  axis  of  the  ore  body,  which  often  tapers 
up  into  it  when  running  out. 

Kaolin  occurs,  presumably  jmre,  but  resemblin;^:  Chinese  talc,  althongh  not  so 
translucent.  Bouriionite  and  enargite  occur  in  the  Yan»  ee  Girl;  also  polybasiie 
in  the  nj)per  part. 


>  Pr(K\  Colo.  Sci.  Soc.,  Vol.  I,  ls.^1  84,  p.  i:ft>. 
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In  a  paper  published  in  1888  Mr.  Emmons*  says: 

In  the  Yankee  Girl  there  are  several  chimneys  in  which  the  ore  occnrs.  They 
are  of  elliptical  outline,  the  longer  axis  corresponding  in  direction  with  a  main 
system  of  fractures  running  through  the  region.  Although  the  striated  surfaces 
of  these  planes  show  that  there  has  been  movement  along  them,  there  is  but  little 
evidence  left  of  actual  brecciation  of  the  country  rock,  the  ore  solutions  having 
completely  replaced  the  andesitic  country  rock  between  the  fracture  planes  which 
gave  access  to  them;  in  places  a  siliceous  skeleton  is  left,  the  basic  constituents 
being  replaced  by  vein  material;  in  other  places  a  solid  body  of  metallic  minerals 
is  found,  while  the  country  rock  adjoining  the  body  of  pay  ore  is  impregnated  to 
a  considerable  distance  with  low-grade  sulphurets. 

Tliis  same  year  (1888)  Mr.  Emmons  paid  a  second  visit  to  the 
Yankee  Girl.  He  found  ^  that  on  the  sixth  level,  432  feet  deep  accord- 
ing to  Schwarz,  the  Yankee  Girl  ore  body  was  connected  by  ore  with 
the  Orphan  Boy,  a  small  oi*e  **  chimney,''  lying  in  the  upper  levels  about 
150  feet  south  of  the  Y'ankee  Girl.  On  this  level  the  Yankee  Girl  ore 
body  was  elliptical  in  plan,  10  feet  wide,  and  32  feet  long.  At  the 
fifth  level  it  was  nearl}-  cylindrical,  S  to  10  feet  in  diameter,  and 
nearly  solid  galena,  passing  below  into  ' '  gray  copper  ore. "  Just  below 
the  sixth  level  occurred  a  "floor''  or  horizontal  fault  plane.  This 
varied  from  3  inches  to  a  foot  or  more  in  thickness,  of  clayey 
attrition  material,  and  frequently  contained  rounded  masses  of  ore 
witli  rock  centers.  It  dipped  to  the  westward,  sometimes  as  much  as 
25°.  Tliere  seemed  to  him  to  have  Ix^en  some  movement  along  this 
floor  to  the  westwanl  or  downhill  toward  the  valley,  but  that  the  ore 
bodies  had  not  been  much  displaced.  A  third  or  "west  ore  body" 
lay  to  the  westward  of  the  Yankee  (rirl  shoot,  lenticular  in  shape, 
with  its  longer  diameter  nearly  north  and  south.  On  the  sixth  level 
tliis  was  2  or  3  feet  wide  and  8  or  10  feet  long,  but  with  rather 
I)oorly  deflned  boundaries,  the  ore  fading  off  into  mineralized  country 
rock. 

Mr.  Emmons  recoiils  that — 

Around  each  chimney  of  ore  is  an  envelope  of  **  quartz."  This  is  a  blue  siliceous 
material,  sometimes  granular  looking,  sometimes  compact  and  almost  jaspery, 
and  yet  in  the  mass  full  of  cracks,  and  sometimes  of  vesicles  which  are  filled 
with  white  kaolin.  It  is  generally  impregnated  with  fine-grained  pyrite.  The 
ore,  moreover,  fills  little  fine  cracks  or  seams  down  to  an  eighth  of  an  inch  in 
width.  These  are  sometimes  large  enough  to  be  worth  taking  out  in  the  vicinity 
of  the  ore  body.  Outside  the  **  quaHz  "  envelope  comes  the  *'  white  rock,"  which 
is  evidently  altered  porphyry,  which  passes  into  a  hard,  compact  blue  rock,  which 
is  probably  the  less  altered  variety. 

\Vhat  was  called  quartz  at  that  time  in  the  mine,  Mr.  Emmons  con- 
siders at  the  present  time  to  have  been  a  jasperoid  or  siliceous  replace- 
ment of  tlie  country  rock.  He  also  states  that  replacement  is  verj'^ 
abundant  in  the  volcanic  breccia,  tlie  matrix  being  fii*st  I'eplaced  by 
ore,  which  finally  coats  the  i)ebbles  or  fragments  of  the  breccia. 


»  Stnurtural  relations  of  on-  deposits:  Tran».  Am.  Iii»t.  Mln.  Eng .,  Vol.  XVI,  1H88,  p.  834. 
*  Unpnblj»be<i  noteti. 
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Mr.  T.  E.  Schwarz,  for  several  ye^rs  superintendent  of  this  mine, 
has  kindly  furnished  some  important  data  in  regard  to  the  ore  bodies. 
The  ore  in  the  Yankee  Girl  shoot,  down  to  No.  1  level,  a  dist-ance  of 
75  feet,  was  chiefly  galena,  and  averaged  77  ounces  of  silver  and  3»> 
per  cent  of  lead.  From  No.  1  level  to  No.  2  level,  80  feet,  it  averaged 
242  ounces  of  silver  and  29  per  cent  of  copper,  lead  not  being  given. 
The  galena,  however,  was  disappearing,  and  the  characteristic  min- 
eral from  the  second  to  the  sixth  levels  was  stromeyerite,  associated 
with  chalcopyrit«,  pyrite,  and  occasional  occurrences  of  argeutite  and 
other  rich  silver  ores,  some  of  which  carried  bismuth.  Similar  changes 
took  place  in  the  Orphan  Boy  shoot,  although  the  galena  continued 
to  greater  depth.  On  the  sixth  level  (432  feet  deep)  these  two  ore 
shoots  came  together,  a  straight  drift  in  continuous  ore  connecting 
them.  A  few  feet  below  this  occurred  a  heavy,  strong,  nearly  hori- 
zontal seam  or  slip  carrying  much  "talcy"  material. 

The  rich  ores  of  the  Yankee  Girl  disappeared  at  this  seam*  no  stromeyerite  or 
other  distinctive  rich  silver  mineral  being  found  below  it.  The  main  Yankee  Girl 
ore  shoot  continued  down  through  it  without  perceptible  change  of  position,  and 
was  large  and  strong  from  No.  6  to  No.  8  levels.  The  character  of  the  ore  changed, 
however,  and  **  peacock  copper,'  with  pyrite  and  chalcopyrite  became  its  constitu- 
ents. Bornite  I  took  to  be  the  principal  ore  for  large  masses.  To  show  grade  of 
selected  ore  produced  from  richest  stopes,  I  may  note  a  shipment  of  10  tons  which 
carried  3,270  ounces  of  silver  and  29  per  cent  of  copper.  A  smaller  lot  of  7,360 
pounds  returned  5,301  ounces  of  silver  and  28.75  per  cent  of  copper.' 

Speaking  from  memory,  Mr.  Schwarz  believes  that  the  ore  in  the 
bottom  levels  of  the  Yankee  Girl  was  low  grade  and  carried  more 
pyrite  than  above. 

These  various  descriptions  of  the  ore  bodies  are  given  at  some 
length,  since  they  are  not  in  perfect  agreement  on  all  points,  and  yet 
they  furnish  cumulative  evidence  of  the  truth  of  certain  important 
features. 

Mr.  Schwarz'*  has  also  published  a  description  of  the  ore  bodies  of 
which  the  Yankee  Girl  is  the  type,     lie  says,  in  part: 

The  ore  occurs  in  **  chimneys/'  80  called,  having  in  some  cases  an  elliptical  or  a 
circular  cross  section,  but  more  generally  long  in  proportion  to  their  width.  The 
greatest  length  of  ore  body  so  far  observed  has  been  about  €0  feet. 

The  immediate  envelope  of  the  ore  chimneys  is  *'  quartz,'*  which  is  sometimes  of 
considerable  extent,  while  the  whole  is  inclosed  in  an  area  of  greater  or  less  extent 
of  andesite. 

The  audesite  is  metamorphosed  in  proportion  to  its  nearness  to  the  ore  chimney, 
showing  more  kaolin  and  (quartz  and  less  of  its  original  structure.  It  thus  merges 
into  a  fine-grained  brown  or  grayish  quartz,  sometimes  very  hard  and  flinty,  and 
again  quite  porous.     In  de])th  the  quartz  matrix  becomes  less  characteristic. 


'  PtTHonal  letter  from  Mr.  Schwarz.    It  is  not  clear,  in  view  of  the  fiinires  just  given  by  Mr. 
Schwarz,  jnst  what  he  means  by  saying  that  no  rich  silver  ore  occurred  below  No.  6  level.    He 
proba})ly  refers  mon»ly  to  the  mineralogical  cbanpre  in  the  ore  from  stromeyerite  to  bornite,  or 
he  may  mean  that  these  high-grade  lots  (rame  from  above  level  H.    The  high  copper  percentage 
however,  would  not  indicate  this. 

''Notes  on  the  ore  occurrences  of  the  Red  Mountain  district:  Proc.  tJolo.  Sci.  8oc,  VoL  III, 
1S8S,  pp.  7T-«. 
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In  the  case  of  six  chimneys  occnrrinK  on  the  Yankee  Girl,  Quston,  and  Silver 
Bell  properties,  being  the  only  ones  on  which  depth  has  been  obtained,  a  marked 
increase  in  the  silver  content  of  the  ores  occnrred  from  the  surface  down  to  300  to 
400  feet  of  depth. 

Changes  of  character  of  ore  with  depth  are  noticeable  in  several  chimneys,  but 
notably  so  in  the  Yankee  Girl  chimney.  In  this  case  the  distinctive  minerals,  in 
order  of  depth,  have  been  galena,  gray  copper,  stromeyerite,  and  bomite.  In  those 
chimneys  in  which  enargite  has  been  the  surface  ore  no  depth  has  yet  been 
obtained. 

The  chimneys  frequently  change  their  pitch,  sometimes  quite  suddenly.  *  *  * 
A  jump  of  15  to  25  feet  along  some  horizontal  plane  is  not  infrequent.    *    *    * 

Every  chimney  is  connected  with  one  or  two  cleavage  or  fracture  planes,  which 
bound  a  portion  of  the  ore  body,  while  on  the  other  sides  the  ore  merges  into  the 
quartz  or  andesite.  These  planes  usually  show  strialions.  slickensides,  and  more 
or  less  gouge  material,  but  are  not  of  great  persistence  laterally. 

Horizontal  planes  occur  of  great  strength,  which  have  indirectly  had  marked 
influence  on  the  ore  bodies,  changes  of  character  occurring  at  such  horizons. 

In  the  Guston  and  Yankee  Girl  the  increase  in  the  amount  of  the  copper  ore 
with  depth  is  notable,  as  is  also  the  fact  that  the  silver  is  confined  mainly  to  such 
ores. 

Mr.  Schwarz  supposed  the  ore  to  have  been  brought  in  by  solutions 
moving  chiefly  along  horizontal  planes,  perhaps  bedding  planes,  and 
to  have  been  derived  from  the  andesite  of  the  region.  His  explana- 
tion is  essentially  that  of  a  rather  narrowly  confined  lateral  secretion. 
The  maximum  length  of  60  feet  was  probably  exceeded  by  the  ore 
bodies  worked  in  the  Yankee  Girl  and  Guston  subsequent  to  1888. 
One  of  them  is  reported  by  one  who  saw  it  to  have  been  140  feet  in 
length  and  20  feet  wide.  According  to  Schwarz,  several  carloads  of 
om  from  the  Yankee  Girl  carried  from  1,500  to  3,000  ounces  of  silver 
per  ton,  and  one  lot  of  about  0  tons  contained  5,300  ounces  of  silver 
per  ton.     Such  ores  carried  30  to  33  per  cent  of  copper. 

According  to  Mr.  J.  Owen,  who  formerly  worked  in  the  Y'ankee 
Girl  and  is  at  present  superintendent  of  the  Silver  Lake  mines,  the 
rich  bodies  of  stromeyerite,  which  had  been  so  productive  prior  to 
1888,  began  to  change,  at  about  500  feet  in  depth,  to  bornite,  which, 
although  lower  grade,  was  yet  good  ore.  At  this  level  there  was  a 
fault  encountered  which  threw  the  lower  portion  of  the  ore  body  to 
the  west.  Below  this  the  deposit,  according  to  Owen,  has  more  the 
character  of  a  vein  10  or  12  feet  wide  and  running  '*  north  and 
south."  It  consists,  near  the  bottom  of  the  shaft,  of  large  bodies  of 
bornite,  with  some  chalcocite,  assaying  as  much  as  57  i^er  cent  of  cop- 
per. (As  pui*e,  nonargentiferous  bornite  contains  only  55.5  per  cent 
of  copper,  this  assay,  if  correct,  would  indicate  the  presence  of  consid- 
erable chalcocite.)  Two  carloads  of  this  ore  were  sliii)iMHl  by  Owen 
from  a  winze  40  feet  bidow  the  bottom  of  the  present  shaft,  and  it  is 
said  to  be  abundant  at  that  depth.  From  the  eleventh  level  ore  w^as 
shipped  worth  from  $500  to  *700  i>er  ton  in  silver  and  copper.  The 
latt<M*  av(»rag<'<l  alM)ut  20  per  cent.  No  large  bodies  of  iron  pyrite 
were  found  in  the  Yankee  Girl,  according  to  Owen. 
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At  present  the  Yankee  Girl  shaft  is  about  1,050  feet  in  depth.  A 
plan  of  the  extensive  levels  shows  an  intricate  maze  of  workings  in 
which  no  linear  syst^^ni  is  discernible.  The  mass  of  the  workings  lie 
just  west  of  the  shaft,  and  in  plan  may  be  roughly  inclosed  in  an  irreg- 
ular triangle.     A  smaller  extent  of  workings  lies  just  east  of  the  shaft. 

Inspection  of  the  dump,  as  well  as  inquiry,  shows  that  there  was 
never  much  vein  quartz  associated  with  the  ore.  The  '* quartz"  of 
the  miners  is  very  largely  the  bleached  and  silicified  country  rock 
adjacent  to  the  nearly  solid  boiliesof  ore.  Where  vein  quartz  occurs 
it  usually  carries  iron  pyrite.  Barite,  in  small  masses  and  crystals, 
occurs  embedded  in  the  bornite.  The  chalcocite  is  generally  inti- 
matel}'  a^isociated  with  small  amount^s  of  chalcopyrite.  Some  speci- 
mens sliow  that  the  ore  has  been  fractured  and  recemented  by  veinlets 
of  calcite.  The  ore  minerals  observed  on  the  dump  wei*e  galena, 
8phalerit-<»,  chalcocite  (stromeyerite),  bornite,  chalcopyrite,  and  pyrite. 
Cosalite  was  recognized  in  1884,  therefore,  in  the  upper  part  of  the 
deposit,  and  was  analyzed  ])y  A.  H.  Low,*  as  follows: 

Analysis  of  coaalite  frovi  Yankee  Oirl  mine. 


Constituent.  J  Per  cent,  i  Constituent.  ;  Per  c*nt. 


Bismuth 36.22:   Iron 4.4i< 

Silver 8.70  |i  Sulphur  (by  difference) '  la.tti 

Lead  I  38.22 

Ck)pp«r 3.74 

I 


KU.dl 


Proustite  and  polyba.sit<3  also  occurred  occasionall}'^  in  the  Yankee 
Girl  ore  bodies. 

All  accounts  of  the  Yankee  Girl  mine  unite  in  emphasizing  the 
chemical  activity  of  the  underground  waters  encountered  in  the  work- 
ings. According  to  Schwarz^  they  contained  '*24  grains  per  gallon  of 
sulphuric  acid  (SO3)."  Candlesticks,  picks,  or  other  iron  or  steel  tools 
left  in  this  water  become  quickly  coated  with  copper.  Iron  pipes  and 
rails  were  rapidly  destroyed,  and  the  constant  replacement  of  the 
piping  and  pumps  necessary  to  handle  the  abundant  water  was  a 
large  item  in  the  working  expenses.  All  agree  in  stating  that  the 
water  entered  far  less  aV)undantly  below  the  sixth  level.  Some  who 
worked  in  the  mine  express  it  as  being  ''  not  so  bad"  below  that  level. 
But  closer  inquirj'  usually  elicits  the  information  that  it  was  less  abun- 
dant but  as  much  or  even  more  corrosive  than  at  the  upper  levels. 

The  product  of  the  Yankee  Girl  is  roughly  estimated  at  about 
$.3, 000, 000. 

Rohinsoit  mine. — This  mine  is  really  a  part  of  the  Yankee  Girl, 
both   being  worked  together.     It  has  produced  some  good  ore,  but 
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little  could  be  ascertained  concerning  the  details  of  its  occurrence. 
According  to  Mr.  .1.  Owen,  the  ore  changed  to  iron  pyrite,  but  the 
depth  at  which  the  change  took  place  was  not  stated  by  him.  The 
shaft  of  the  Robinson  is  sunk  alongside  one  of  the  mounds  of  siliceous 
altered  breccia  characteristic  of  this  region. 

It  is  stated  bj^  Mr.  Owen  that  a  distinct  vein  or  fissure  was  followed 
from  the  Guston  into  the  Robinson,  and  was  demonstrated  by  drift- 
ing to  extend  into  the  Grenesee-Vanderbilt.  The  same  fissure  was 
cut  by  an  east  crosscut  in  the  Yankee  Girl. 

Ousfmi  mine, — This  ore  deposit,  just  north  of  the  Yankee  Girl,  was 
opened  shortly  aft-er  the  latter,  in  1882.  The  ore  body  as  exposed  at 
that  time  is  said  to  have  been  5  feet  wide  and  carried  58  ounces  of 
silver  per  ton.  It  was  chiefly  galena,  with  some  copper  mineral,  prob- 
ably tetrahedrite.  In  1883  the  mine  produced,  according  to  the  Mint 
i*eport«,  $57,500.  In  September,  1887,  steps  were  taken  to  form  the 
present  New  Guston  Company,  Limited,  of  London,  England,  and 
the  mine  was  closed  until  June,  1888,  when  work  was  resumed  with 
Mr.  T.  E.  Schwai'z  as  superintendent,  and  extensive  bodies  of  ore 
were  found  on  the  third,  fourth,  and  fifth  levels,  yielding  in  carload 
lots  up  to  450  ounces  of  silver  per  ton.  The  depth  of  the  mine  at  this 
time  was  only  288  feet,  while  the  Y'ankee  Girl  was  down  1,050  feet. 
The  product  for  1888  was  about  $130,000.  In  1889  ore  was  produced 
to  the  value  of  over  $390,000,  and  work  was  carried  to  the  sixth  level, 
378  feet  from  the  surface.  Mr.  James  K.  Harvey  this  year  succeeded 
Mr.  Schwarz  as  superintendent.  At  the  close  of  1889  the  mine  had 
already  paid  dividends  amounting  to  £56,374  (about  $274,000).  In 
1890  the  shaft  was  sunk  to  the  seventh  level  and  extensive  stoping 
carried  on  in  the  upper  levels.  Ore  to  the  amount  of  4,469  tons  was 
sold,  which  realized  $491,336  (£101,098),  or  an  average  of  nearly  $110 
per  ton  after  deducting  treatment  charges.  Several  carloads  of  this 
oi'e  carried  from  600  to  1,400  ounces  of  silver  per  ton.  The  product 
this  year  was  principally  from  tlie  stoi)es  of  the  fifth  and  sixth  levels. 
The  ore  carrying  most  silver  was  encountered  on  the  fifth  level  north 
of  the  shaft,  and  contained  12  per  cent  of  copper.  At  this  time  there 
were  from  200  to  300  men  employed  in  the  mine,  and  the  small  settle- 
ment of  Guston  had  grown  up  in  the  vicinity  of  the  shaft .  The  water 
pumped  from  the  mine  this  year  was  al)out  35  gallons  per  minute, 
and  is  said  to  have  been  charged  with  sulphuric  acid  from  oxidation 
of  pyrite.  The  Mint  reports  credit  the  mine  with  a  total  output  of 
864,768  ounces  of  silver  and  $57,5(K)  in  gold  for  1890.  the  product  in 
copper  is  not  given.  In  1891  the  main  shaft  had  reached  the  ninth 
level,  about  678  feet  below  the  surfa<*e,  and  the  water  had  increased 
to  about  50  gallons  per  minute,  being  of  the  same  corrosive  character 
as  that  found  in  the  upper  levels.  The  ore  raised  this  year  amounted 
to  11,723  tons,  which  realized  8824,467,  or  an  average  of  over  $70  per 
ton,  net  value.     The  cost  of  mining  was  nearly  $19  per  ton,  while 
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during  the  preceding  year  it  had  averaged  about  132  per  ton.  The 
decrease  in  the  price  of  silver  was  already  affecting  the  profits  of  the 
company.  In  1892  the  ore  raised  amount^l  to  14,201  tons,  which 
realized  approximately  $247,232,  or  an  average  of  only  about  $17.40 
per  ton.  The  cost  of  mining  was  about  <5l3  per  ton.  This  great 
decrease  in  value  was  due  not  only  to  general  fall  in  the  price  of  sil- 
ver, but  to  a  falling  off  in  the  grade  of  the  ore.  The  shaft  had  l>een 
sunk  to  the  tenth  level,  but  no  important  bodies  of  oi-e  were  discov- 
ered in  the  200  feet  l>etween  the  eighth  and  tenth  levels,  and  the  prod- 
uct was  chiefly  from  the  nearly  worked-out  stopes  of  the  upi)er  levels, 
from  No.  3  to  No.  7.  In  1893  the  shaft  was  carried  down  136  feet 
below  the  tenth  level  and  a  crosscut  started  on  the  eleventh  level. 
The  ore  raised  amounted  to  7,280  tons,  which  sold  for  $18.40  per  ton. 
The  water  now  pumped  from  the  mine  amounted  to  60  gallons  a  min- 
ute. In  1894  a  large  quantity  of  ore  was  extracted,  chiefly  from  the 
ninth  to  the  twelfth  levels,  of  which  the  greater  part,  being  low  grade, 
went  to  the  Silverton  matte  smelter,  then  beginning  operations.  In 
1805  the  maximum  tonnage  for  any  year — 14,833  tons — was  extracted 
from  the  mine,  but  the  average  value  was  lower  than  ever  before. 
The  annual  tonnage,  average  sales  value  of  the  ore  per  ton  (gross 
value  less  cost  of  treatment),  average  cost  of  mining  per  ton,  and 
amount  of  dividends  paid,  covering  the  eight  years  in  which  the  mine 
was  in  n\ost  active  operation,  are  shown  in  the  following  table,  com- 
piled from  the  annual  reports  of  the  directors  of  the  company: 

Tonnage,  ore  valuer,  cost  of  mining,  and  dividends  of  Gtiston  mine. 


Year. 


1888 

1889 

1890 

1891 

1892 

1893 

1894 

1895 

ToUl 


Ore  rained. 


Avera«e 

sale  valae 

per  ton. 


Average 
cost  or     I 
mininfc  per 
ton. 


Tons. 

315 

2.882 

4,4fiQ 

11,723 

14,291 

7,280 

13,334 

14,833 


60.127 


$383.25 

$53.54) 

131.50 

32.00 

109.80 

32.25 

70.65 

18.90 

17.40 

13.10 

18.40 

17.30 

12.80 

9.60 

10.70 

10.20 

a  91. 81 

a  23. 43 

Amonnt  of 

dividends 

paid. 


r7,941.90 
181,875.00 
315,250.00 
436,800.01) 
146,712-50 


1.148.579.40 


a  Averagre. 


In  1807  the  mine  was  compelled  to  cease  operating,  the  low  grade  of 
the  ore  and  the  decline  in  the  value  of  silver  having  acted  together 
to  render  further  work  unprofitable.  The  total  output  since  1888  has 
considerably  exceeded  $2,500,000,  of  which  nearly  half  was  distributed 
in  dividends.  In  all,  14  levels  had  been  worked  and  a  depth  of  nearly 
1,300  feet  attained.  To  free  the  mine  from  water  at  this  depth  the 
pumps  were  required  to  raise  over  100  gallons  a  minute  and  great  care 
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and  constant  attention  was  required  to  pi'event  the  destruction  of  the 
pumps  and  column  by  corrosion. 

Wlien  visit4?d  in  1800  the  mine  was  filled  with  water  to  the  second 
level,  114  feet  telow  the  surface.  The  level  of  this  water  fluctuates 
with  tlie  seasons,  and  in  spring  sometimes  rises  to  the  firet  level,  50  feet 
from  the  surface.  As  the  deeper  workings  are  wholly  inaccessible, 
the  following  description  of  the  ore  Ixxlies  is  drawn  from  the  annual 
reports  of  the  superintendents,  Messi*8.  Schwarz  and  Harvey,  and 
from  personal  conversation  with  men  who  worked  in  the  mine. 

In  their  general  shape  the  ore  bodies  resembled  those  of  the  Yankee 
Girl.  The}'  were  roughly  ellipsoidal  masses  standing  nearly  vertical, 
and  consisting  of  nearly  solid  ore  with  very  little  gangue,  surrounded 
bj'  altered  country  rock  impregnated  with  j)yrit<?.  The  actual  sizes  of 
these  masses  of  ore  are  difficult  to  ascertain  at  the  present  time.  Some 
of  the  stopes  were  nearly  200  feet  in  length  and  several  hundred  feet 
in  height.  The  width  of  the  ore  varied  greatly  in  different  bodies  and 
in  different  i)ortions  of  the  same  ore  mass.  Widths  of  from  20  to  30 
feet  api^ear  to  have  l)een  not  uncommon. 

The  ore-body  stope  on  the  seventh  level  was,  in  1802,  45  feet  in 
length  and  04  feet  average  height.  The  width  of  the  ore  for  a  distance 
of  20  feet  was  14  feet;  elsewhere  less,  and  irregular.  The  ore  from  this 
stope  carried  from  20  to  80  ounces  of  silver  and  0.3  ounce  of  gold  per 
ton,  with  from  5  to  8  per  cent  of  copper.  I^he  middle  stope  on  the 
same  level  had  a  length  of  110  feet,  an  average  height  of  87  feet,  and 
an  average  width  of  ore  of  22  feet.  Its  ore  carried  from  15  to  35 
ounces  of  silver  and  0.2  ounce  of  gold  per  ton.  These  are  given 
simply  as  examples  of  typical  stopes  which  produced  large  amounts  of 
rather  low-grade  ore. 

These  ore  bodies  usuall}'  occurred  alon«;  what  was  termed  the  *'ore 
break,"  a  zone  of  altered,  disturbed,  and  more  or  less  broken  countrj' 
rock,  intersected  ])y  slip  planes  and  containing  much  kaolin,  as  well 
as  soft  attrition  material.  This  ore  break  is  said  to  traverse  the 
Guston  claim  from  end  to  end,  which  would  give  it  a  coui'se  of  from 
20*^  to  30""  east  of  north  and  to  be,  in  places  at  least,  nearly  GO  feet  in 
width.  From  levels  2  to  7,  a  depth  of  364  feet,  this  ore  break  dips 
steeply  to  the  east;  but  just  below  the  seventh  level  a  slip  or  fault  was 
encountered  dipping  45°  to  the  west,  which  cut  off  the  ore  entirely. 
By  following  the  soft  clay  gouge  which  occupied  tliis  fracture  plane 
the  ore  break  was  found  again  below,  lying  from  30  to  50  feet  to  the 
westwaixl.  It  here  dipped  steeply  westwaixi  and  did  not  carry  much 
ore.  It  was  not  until  the  tenth  level  was  reached  that  its  dip  again 
became  easterl}*  and  it  resumed  the  character  which  it  had  had  above 
the  seventh  level.  The  ore  in  this  level  also  was  better,  or  at  least  in 
larger  bodies,  than  anything  hitherto  found  below  the  seventh  level. 

The  ellipsoidal  or  irregular  ore  bodies  were  nearl}'  always  found  in 
connection  with  this  ore  break,  but  they  were  most  irregularly  placed 
and  were  found  only  by  pei*sistent  and  thorough  prospecting,  partly 
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with  tlie  (liainnii<l  drill.  In  f^iicml  the  longer  axes  of  the  ellipNiiids 
api)eai'  to  hav<'  Ixjeii  nearly  {uii'Hllel  with  the  trend  of  the  ore  break. 
Iiidividiially,  howevvr,  the  ore  IkkUps  show  much  variation.  Thus,  on 
tlie  thii-teentli  level  a  sti-eak  of  ore  is  recorde*!  as  tearing  N.  30"  W. 
They  wen;  oonimonly  foiind  by  drifting  along  the  "siift  ground," 
pi-esnniably  frat-ture  planes  associated  with  attrition  material  and 
kiioliu.  A  plan  of  the  nndei-groiind  workings  of  the  (Huston  mice 
(]'l.  XV)  shows  H  highly  ititricHte  and  irregular  maze  of  drifts  and 
crosscuts  rnnning  out  in  nil  directions  from  the  shaft.     The  map. 


however,  shows  disiincl  evidence  of  a  general  elongation  of  th  ■oreliod- 
iea,  oroC  tlieon'-liearingground,  al(uigHna.\i-s  bearing  about  N.  20' E. 
As  shown  by  the  longitudinal  section  of  the  mine,  the  stopes  attained 
their  greatest  aggregate  length,  about  (iiMi  fet!t,  on  the  fifth  level,  and 
grew  shorter  ImjIow.  Longitudinal  and  transverse  sections  of  the 
"main  ore  body,"  compiled  from  a  mine  nia[)  made  in  1890  and  from 
the  annual  reports  of  the  company,  ai-o  sh<iwn  in  fig,  16,  The  trans- 
verse section  was  <tvi<lcntly  intended  to  show  the  general  position  of 
the  so-called  ore  bi-eak,  and  not  of  the  actual  ore  bodies. 
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One  ol"  the  most  interesting  and  important  faets  in  eonneeti(m  with 
the  Guston,  as  well  as  wit^li  other  mines  of  this  district,  is  the  elian^e 
in  character  of  their  oresA%ith  depth.  The  tralena  ore  of  tlie  main  ore 
body,  carrying?  from  oo  to  60  per  cent  of  lead  and  from  30  to  40  onnces 
of  silver,  continued  down  to  the  second  level,  or  a  little  heyond,  where 
il  is  said  to  have  changed  rather  abruptly  to  higli-grade  stromeyerite. 
Galena,  however,  occurred  in  the  mine  in  considerable  quantities  down 
to  tlie  fifth  level,  '2SS  feet  in  depth,  and  in  decreasing  amounts  to 
greater  depths.  Some  heavy  galena,  carrying  from  100  to  175  ounces 
of  silver,  is  known  to  have  occurred  at  a  dei)th  of  212  feet.  With 
inci'Ciising  deptli  stromeyerite,  or  argentiferous  chalcocite,  became  the 
characteristically  rich  ore  of  the  mine,  associated  with  pyrite  and 
chalcopyrite.  Some  of  this  was  very  rich,  and  in  ISin  some  ore  from 
the  sixth  level  (378  feet)  carried  as  much  as  15,000  ounces  of  silver 
and  3  ounces  of  gold  per  ton.  The  lowest-grade  ore  in  the  deeper 
workings  was  pyrite,  which  usually  carricnl  less  than  20  ounces  of  sil- 
ver and  a  fraction  of  an  ounce  of  gold  per  ton,  and  from  3  to  5  per 
cent  of  copper,  probably  from  admixture  of  chalcopyrite.  The  clial- 
copyrite  was  higher  grade,  usually  carrying  from  12  to  45  ounces  of 
silver  and  a  fraction  of  an  ounce  of  gold  i>er  ton,  and  frcmi  8  to  12  i)er 
cent  of  copper.  Even  in  the  best  stopes  of  the  fifth  and  sixth  levels 
there  was  always  more  or  less  chalcopyrite  and  pyrite  associated  with 
the  rich  stmmeyerite,  the  lower-grade  ores  apparently  often  prevail- 
ing on  the  peripheries  of  the  larger  ore  Jiiasses. 

Below  the  slip  plane,  which  occurred  just  below  the  seventh  level, 
at  a])out  500  feet  in  depth,  the  ore  was  harder  and  more  compact  and 
stromeyerite  was  not  found  in  any  quantity,  the  ore  down  to  the  tenth 
level  consisting  chiefly  of  large  masses  of  low-gimle  pyrite,  with  some 
l)ornite  an<l  chalcopyrite.  The  pyrite  rarely  carried  as  much  as  20 
ounces  of  silver,  with  a  little  gold  and  cojiper.  Some  bornite  found 
on  the  ninth  level  (078  feet)  carried  from  125  to  450  ounces  of  silver 
and  one-fourth  to  one-half  ounce  of  gold  per  ton,  with  25  to  50  per 
cent  of  copper.  This  was  associated  with  chalcopyrite  carrying  16  to 
75  ounces  of  silver  and  gohl  up  to  1  ounce  per  ton,  with  from  8  to  15 
per  cent  of  copper,  and  with  pyrite  carrying  up  to  15  ounces  of  silver 
per  ton,  witli  a  little  gold  and  copper.  In  both  the  ninth  and  tenth 
levels  small  (luantities  of  ore  were  frecpiently  met  with  carrying  free 
gold,  assays  from  level  0  giving  as  much  as  20  ounces  of  gold  jku'  ton. 

The  ore  of  the  (Seventh  level  was  similar  to  that  of  the  tenth,  but, 
as  in  all  these  low(»r  levels,  the  rich  bornite  bore  a  smaller  i)roportioii 
to  the  low-grade  pyrite  and  chalcopyrite  than  did  the  stromeyerite  and 
galena  of  the  U[)per  workings.  The  ore  in  tin*  stopes  connected  with 
tliese  lev^els  varied  in  widtli  from  18  inches  up  to  '2o  feet.  Some  free 
gold  Wiis  seen  in  barite,  associated  with  the  bornite.  On  level  12  ore 
occurred  in  large  solid  nmsses,  one  lx»ing  known  to  be  72  feet  in  length, 
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with  a  maximum  width  of  37  feet.  But  it  was  chiefly  low-grade  p}Tit« 
contaiuinjr  occasional  nodules  of  bornite.and  chalcopyrite,  usually 
with  some  barite.  Substantially  identical  ore  was  found  on  the  thir- 
teenth level. 

Through  the  kindness  of  Mr.  Bedford  McNeill,  of  London,  liquida- 
tor of  the  New  Guston  Company,  the  following  notes,  dat^  March 
13,  19(X),  were  obtained  from  Capt.  James  K.  Harvey,  formerly  super- 
intendent of  the  mine: 

Galena  ore  was  most  abundant  in  the  superficial  workings,  it  having  been 
met  with  almost  at  surface,  and  continued  down  to  the  fourth  level.  The  ore 
contained  from  8  to  50  per  cent  lead;  silver,  9  to  30  ounces;  gold,  trace  per  ton. 

At  the  third  level  chalcopyrite  and  chalcocite  were  discovered,  and  continued 
down  to  where  the  fault  was  encountered,  a  few  feet  underneath  the  floor  of  the 
seventh  level.  Contents  of  ore:  Copper,  5  to  15  percent;  silver,  25  to  700  ounces;  gold, 
0.1  to  3  ounces  per  ton.  A  few  cars  were  shipped  (about  10  tons  to  the  car)  that 
ran  over  1,200  ounces  silver  per  ton,  with  a  corresponding  gold  increase. 

From  the  third  to  the  sixth  level  the  ore  occurred  in  the  form  of  a  chimney,  its 
dimensions  being  from  12  to  15  feet  in  length  and  width  at  the  third,  fourth,  and 
fifth  levels,  to  20  to  30  in  length  and  width  at  and  over  the  sixth  level.  Under- 
neath the  sixth  level  the  ore  lengthened  south  approximately  200  feet,  with  a  width 
of  from  3  to  30  feet. 

Solid  bodies  of  iron  pyrites  were  discovered  at  the  sixth  level,  and  continued  to 
the  deeper  workings.  Contents:  Silver,  4  to  20  ounces;  copper,  1  to  3  per  cent;  gold, 
trace  to  0.20  ounce  per  ton. 

Bomite  was  met  with  in  quantity  between  the  ninth  and  twelfth  levels.  Con- 
tents: Copper,  18  to 25  per  cent;  silver,  60  to  175  ounces;  gold,  one- fourth  to  1^  ounces 
per  ton.  Free  gold  was  found  occasionally  with  the  bomite;  that  is  to  say,  on  the 
fluorspar '  associated  with  the  bomite.  No  free  gold  was  seen  above  the  ninth 
level,  or  in  any  other  instance. 

There  was  but  little  change  in  the  volume  or  character  of  the  water.  It  was 
destructive  to  pumps  aifd  column  !f  they  were  not  properly  protected. 

Generally  speaking,  the  inclosing  porphyry  was  more  decomposed  where  the 
ore  was  most  compact  and  richest  in  its  metallic  contents. 

From  the  foregoing  it  api)ears  that  there  was  first  an  increase  in 
the  value  of  the  ores  down  to  the  sixth  or  seventh  level,  and  then  a 
sudden  falling  olf  in  value  at  the  slip-plane  below  the  seventh  level. 
Below  this  occurred  a  diminution  in  the  richness  of  the  ore  down  to 
the  bottom  of  the  mine.  The  charact^^ristic  ore  minerals,  in  the  order 
of  the  depth  at  which  they  prevailed,  were  galena,  stromeyerite 
(pyrite?),  bornite,  chalcopyrite,  and  pyrite.  Hut  this  succession  is 
true  only  in  general  terms.  Sudden  and  perplexing  changes  in  the 
value  and  mineralogical  composition  of  the  ore  occurred  within  the 
individual  ore  bodies  at  all  levels,  and  the  various  minerals  named 
overlapped  in  most  complex  fashion,  although  the  bomite  apparently 
had  a  definite  upper  limit  and  the  st  romeyerite  a  definite  lower  limit. 
Of  all  the  ore  minerals  pyrite  appears  to  have  had  the  greatest  ver- 
tical range,  and  it  undoubtedly  formed  an  increasing  proportion  of 
the  ore  with  depth.  The  highest  values  in  silver  and  gold  were  found 
in  connection  with  high  percentages  of  copper. 


'  Barito  ?  (F.  L.  R.) 
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According  to  Mr.  Terrill,  at  present  in  charge  of  the  mine,  good  ore, 
consisting  of  argentiferous  bornite,  was  struck  in  the  fouiieenth  or 
bottom  level,  but  was  never  extracted.  Had  there  been  any  consid- 
erable body  of  high-grade  ore  revealed,  however,  it  is  hardly  probable 
that  the  mine  would  have  shut  down,  no  considerable  loss  in  its  opera- 
tion having  been  incurred  and  no  assessments  having  been  levied  on 
the  shareholders  when  work  ceased. 

Mr.  S.  F.  Emmons  made  a  brief  visit  to  the  mine  in  1888  and  has 
recorded  his  observations  in  unpublished  notes.  He  visited  a  new 
find  of  oi'e  on  the  third  level,  which  had  been  overlooked  by  the  former 
ownei's.  This  was  a  solid  mass  of  chalcopyrite  mixed  with  tetrahe- 
drite  and  galena  and  carrying  up  to  750  ounces  of  silver  per  ton.  He 
found  that  this  ore  body,  with  a  strike  of  N.  30°  E.,  and  dipping  from 
30°  to  4:5°  to  the  northwest,  w^as  limited  on  it«  foot-wall  side  by  a  dis- 
tinct plane  showing  fault  movement.  Accoixling  to  Mr.  Emmons, 
the  sheeted  structure  of  the  original  country  rock,  which  had  been 
replaced  for  a  width  of  about  10  feet  by  ore,  was  still  recognizable  in 
the  latter.  The  ore  body,  which  was  not  more  than  10  or  15  feet  long, 
graded  into  quartz,  clouded  with  snow-white  kaolin,  and  this  in  turn 
into  altered  country  rock  or  "white  rock." 

Oenesee-Vanderbilt  mine. — The  original  Vanderbilt  shaft  was  sunk 
just  southwest  of  the  Yankee  Girl,  in  one  of  the  characteristic  siliceous 
knolls  of  the  district.  This  consists  of  a  hard,  quartz-like  rock,  in 
which  can  still  be  detected  outlines  of  porphyritic  crystals  of  feldspar, 
now  wholly  decomposed,  In  some  places  the  original  rock  is  practi- 
cally wholly  replaced  by  quartz.  In  the  Mint  report  for  1882  it  is 
noted  that  the  Genesee,  then  opened  by  two  shafts  15  feet  and  20 
feet  deep,  showed  a  body  of  galena  3  feet  thick,  associated  with  "  cop- 
per," the  whole  carrying  from  15  to  40  ounces  of  silver  per  ton.  The 
"copper"  was  probably  chalcopyrite  or  tetrahedrite.  In  1888  the 
product  of  the  Vanderbilt  as  derived  from  the  same  source  was 
t72,672.  It  was  subsequently  found  that  the  Vanderbilt  and  Genesee 
ore  bodies  were  identical,  or  at  least  so  closely  associated  that  it  was 
impracticable  to  work  them  separately,  and  the  mines  were  therefore 
consolidated.  The  present  workings  (fig.  17),  l)egun  in  1801,  consist 
of  a  tunnel  820  feet  in  length,  connecting  with  the  old  sluift  through 
stopes,  and  a  second  shaft,  700  feet  in  depth,  sunk  near  the  end  of  the 
adit  tunnel.  Levels  were  run  at  300,  400,  500,  600,  and  700  feet  below 
the  tunnel  level.  In  1800  this  shaft  was  tilled  with  water  to  within  a 
few  feet  of  the  collar.  Although  the  mine  has  produced  some  good 
ore,  it  is  said  to  have  been  on  the  whole  unprofitable.  The  ore  was  of 
a  lower  grade  than  that  in  the  Guston  and  Yankee  Girl,  and  the  profits 
accruing  from  the  exploitation  of  one  ore  body  were  usually  more  than 
expended  in  searching  for  the  next  one.  Work  was  finally  suspended 
in  1806. 

In  1809  a  little  ore,  consisting  chiefly  of  galena  and  sphalerite,  was 
being  taken  out  by  leasers  above  the  adit  level.     Access  was  gained 
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to  one  large  slope  «xt«iiding  nearly  to  the  surface  where  the  origin^ 
Vanderbilt  shaft  was  sunk.  The  ore  body  that  once  filled  this  stope 
waa  evidently  of  lenticular  form,  the  maximum  dimension  nearly  ver- 
tical, und  the  uienn  diameter  nearly  north  and  south.  Around  the 
periphery  of  the  lens  the  ore  body  wedged  out  completely.  I  was  unable 
in  the  accessible  portions  of  the  stope  to  recognize  any  dominaiit  fis- 
sure of  which  the  lens  of  ore  might  be  considered  as  filling  an  enlarged 
portion.     Nevertheless  it  was  by  following  the  so-csUecl  slips  or  gouges 


—Plan  of  B  portlOQ  of  the  nadersfround  workings  o(  ibe  OaoMae-Viuiderbilt  mine. 


in  the  country  rock  that  the  ore  bodies  were  always  discovered  when 
not  found  by  drilling  (fig.  IS). 

Mr.  T.  E.  Schwai-z  has  pointed  out.  that  the  principal  "ore  break" 
of  the  Genesee- Vanderbilt  turned  through  an  angle  of  about  140°  in 
passing  from  the  surface  down  to  the  600  level.  This  is  indicated  in 
fig.  I't,  taken  from  Mr.  Sehwai'z's  paper.' 

According  to  Mr.  Otto  J.  Sehulz,  of  St.  Louis,  at  present  trustee  of 
the  Genesee- Vanderbilt  mine,  thei'C  were  four  separate  pay  shoots  on 
the  surface,  only  one  of  which  was  exploi'ed  to  the  700  level.  The  best 
ore  occurred  at  a  depth  of  about  250  feet  below  the  collar  of  the  main 
shaft,  and  extended  down  to  within  about  20  feet  of  the  300  level. 

'  Traug.  Am.  lusl.  Min.  Eug.,  Vol.  'X,  mm,  p.  lOW. 
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This  ore  was  solid  and  contained  little  waste.     Its  value  is  shown  in 
the  following  table,  compiled  from  data  furnished  by  Mr.  Sehulz: 

Asaay  content  8  per  ton  of  ore  from  Genesee' VanderbUt  mine. 


Year. 

<-)re. 

Gt.ld. 

Silver. 

Ounces. 
30.4 
45.9 
39.8 
is.l 

L»'a<l. 

1893a 

1.525 

( hmce. 

0.2 

.4 
o 

.o: 

Per  rent. 
l.C 

18»4a 

2.153 

3.3 

18956 

.->.«» 

3.9 

1896c 

.3.005 

.06 

aPromaOOlevoL 

6  About  two-fifths  from  500  level  and  rest  from  tipper  workings. 

c  From  5(J0.  600,  and  700  levels.    Outpat  for  3  months  only. 

It  is  rather  difficult  to  account  for  the  low  percentage  of  lead  and 
the  verj'  small  amount  of  copper  in  these  assay  returns,  as  the  silver 
was  probably  associated  with  one  or  both  of  these  metals. 


FCtT 

t9  ao 


Pio.  18.— Plan  of  fourth  level  of  the  Genesee- Vanderbilt  mine,  showingr  method  of  j»roHi»ecting 

for  ore  bodies  with  the  diamond  drill. 


The  value  of  the  ore,  never  high  grade  as  a  whole,  fell  off  with 
increase  of  depth  below  the  300  level,  depreciating  rapidly  Ijelow  the 
500  level,  and  changing  near  the  700  level  to  large  bodies  of  low-grade 
pyrite. 

Near  the  surface,  in  the  old  workings,  the  ore  is  said  to  have  l)een 
oxidized  and  soft,  changing  to  galena  at  alK)ut  100  feet  in  depth. 
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Particulars  concerning  the  ininerait^'  of  th©  ore  of  the  Genesee- 
Vanderbilt  are  now  ilifflcult  to  obtain.  It  is  said  to  have  coQlained 
considerable  lead  from  top  to  bottom,  which  statement,  however,  is 
not  fully  borne  out  by  the  records  furnished  by  Mr,  Schulz.  Cosalil* 
is  recorded  as  having  been  an  important  constituent  of  the  ore.  Some 
small  caves  containing  stalactitCM  of  pyrit«  occurred  in  the  ore 
bodies,  hut  it  is  not  known  at  what  depth.  Specimens  of  ore  said  to 
ba%'e  come  from  this  mine  and  preserved  in  the  mine  office  showed 
some  very  argentiferous  bornite,  a  slightly  argentiferous  sulpho- 
bismuthite  of  lead  containing  a  little  copper  and  corresponding  in 


Sketch  pl&Q  aboirlas  chaugea  ia  ix»lCIon  ol  tbe  Qeuesee-Vuiderbilt  o: 
X- V,  surface  outcrop  o(  orp  brtak ;  V.  (7,S,eurfBCe  outcrop  of  oro  bodies: 
ore  bodies  on  SmVfoot  level;  f.  .V.  position  of  name  ore  bodtea  on  SOVtoot 
ik  on  flOO-foot  level  (after  T.  E.  Schwari). 


bodies.  iriUi 
(,  O,  poeitioD 
level:  T.B, 


physical  properties  and  appearance  to  cosalite,  and  some  small  crystals 
of  ruby  silver  (proustite). 

The  total  output  under  the  old  Vanderbilt  Company  of  Red  Moan- 
tain  is  not  known,  although  the  Mint  reports  credit  the  mine  with 
*72,C7l*  in  18SS.  The  output  of  the  Genesee- Vanderbilt  C3ompany 
from  1891  to  ISitG  amounted  to  about  12,022  tons  of  ore,  containing 
•2,SSi  ounces  of  gold,  43C,ii7.5  ounces  of  silver,  702,183  pounds  of  lead, 
and  30,520  poun<1s  of  coppei-. 

The  water  encountered  in  the  Gonesee-Vanderbilt  was  of  the  same 
corrosive  character  as  that  met  with  in  the  Yankee  Girl  and  Guston. 
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Ale.vandra  mine. — This  is  situated  on  the  slope  of  Red  Mountain, 
a  few  hundred  feet  above  the  Guston.  The  earlier  workings  are  in 
one  of  the  siliceous  mounds  common  in  this  region,  this  one  forming 
a  small,  elongated  ridge,  striking  S.  85°  W.  The  upper  workings  are 
reached  through  a  tunnel.  These  seem  to  have  two  or  more  of  the 
usual  lenticular,  nearly  veitical  ore  IxKiies.  One  small  one,  stoped 
at  the  tunnel  level,  was  elliptical  in  plan,  the  longer  diameter  strik- 
ing N.  35""  W.  The  ore  pinched  at  the  ends,  but  a  small  fissure, 
tilled  with  kaolinite,  can  be  seen  continuing  on  into  the  country 
rock.  The  ore  left  in  this  stope  is  a  fine-grained  aggregate  of  pyrite, 
j^alena,  and  sphalerite,  with  specks  of  kaolinite.  The  country  rock 
near  the  ore  bodies  is  much  altered,  contains  much  kaolinite,  and 
is  thickly  impregnated  with  fine  pyrite.  The  ore  is,  in  part  at  least, 
a  replacement  of  the  andesitic  country  rock. 

About  400  feet  below  this  woi  kings  is  a  second  tunnel,  from  which 
issues  a  strong  stream  of  highly  ferruginous  water.  This  tunnel  is 
now  only  partly  accessible.  It  runs  through  a  mass  of  bleached  and 
altei^ed  andesitic  breccia,  now  changed  in  places  to  an  aggregate  of 
barite,  kaolinite,  and  pyrite.  As  the  mine  was  abandoned  in  181)9 
or  19(K),  no  information  could  be  gained  concerning  its  output  or  the 
portions  of  the  workings  not  now  open. 

Grand  Prize  mine, — This  property,  a  few  hundred  yards  north  of 
an<l  about  150  lower  than  the  upper  Alexandra  tunnel,  is  abandoned 
and  at  present  wholly  inaccessible.  Its  dump  shows  the  usual  male- 
rials  common  to  the  mines  of  the  vicinity. 

Xational  Belle  mine.^ — The  croppings  of  the  bleached  and  silicified 
country  rock  associated  with  this  ore  body  form  a  prominent  knoll, 
over  200  feet  in  height,  on  the  northwestern  outskirts  of  the  settle- 
ment of  Red  Mountain.  The  principal  mine  buildings,  adits,  and 
main  shaft  (490  feet  deep),  are  on  the  eastern  side  of  this  knob,  close 
to  the  railway.  The  mine  was  closed  and  deserted  in  1897,  and  the 
superficial  workings  only  were  accessible.  A  plan  of  the  workings, 
from  a  mine  map  made  in  1890,  is  shown  in  PI.  XVI. 

The  first  extensive  development  was  in  1883,  when  about  980  tons 
of  ore  were  produced,  valued  at  nearly  *70,000.  This  occurred  chiefty 
in  an  oxidized  form  in  caves,  as  carlwnate  of  lead,  one  of  which, 
occurring  about  22  feet  below  No.  2  level  (fig.  20),  is  known  to  have 
been  40  feet  long,  20  feet  wide,  and  10  feet  high.  This  cave  ore  car- 
ried from  5  to  7  ounces  of  silver  and  from  15  to  60  per  cent  of  lead. 
For  1890  the  product  is  given  as  *87,591,  of  which  #4,500  was  in  gold, 
>^29,091  in  silver  at  coinage  value,  and  *54,000  in  copper.  It  is  evi- 
dent that  the  output  for  this  year  was  chiefly  from  the  lower  workings. 


'  This  lulue  is  now  often  called  the  "Anit^ric^in  Belle  mine,"  from  the  name  of  the  comiMiny 
which  last  oi>eratod  it.  but  the  company'H  reports  always  refer  to  it  under  its  original  name. 
National  Belle.  The  uttiMuptu  sometimes  made  to  change  the  names  of  mines  with  chanfre  of 
ownership  are  usually  to  be  deplored,  especially  when,  as  in  this  case,  the  old  name  is  well 
known  in  mineralogical  literature. 
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in  xmoxidizod,  relatively  low-grade  enargite  and  pyrite.  In  1891  the 
proi>erty  eanie  into  the  possession  of  the  American  Belle  Mines,  Lim- 
ited, a  Lon<lon  company,  which  operated  the  mines  until  1897.  The 
ivport  of  the  I)irt»etor  of  the  Mint  for  1891  ei'edits  the  mine  with 
a  product  of  8145,721  in  gold  and  silver  only,  with  no  returns 
for  copper.  Since  the  sale  of  ore  for  this  year  yielded  the  company 
in  the  neigh l)orhood  of  8110,000,  the  foregoing  output  probably  in- 
cludes both  copper  and  lead.  At  this  time,  however,  the  lower-gnule 
copper  ores  (»ould  not  1h»  handled,  as  the  nearest  point  at  wliieh  they 
could  lx>  smelted  was  Denver,  500  miles  distant.  It  was  not  until 
1892  that  these  ores  could  be  tivat^d  in  the  Standarti  Smelter,  at 
I)  u  ran  go. 

Mr.  S.  F.  Emmons  visited  the  mine  in  1886,  and  the  following  facts 
in  this  paragraph  are  taken  from  his  unpublished  notes.     He  found 


Fio.  20.— Sections  through  the  National  Belle  mine,  showing  ore  Ijodies  stoped  and  natnral  ore 

caverns. 

that  the  mine  had  been  opened  very  irregularly,  chiefly  by  tunnels 
run  into  the  knoll,  with  overhead  stopes.  The  ore  chimney  was 
irregular,  containing  oxidized  ore  (**sand  sulphate"),  with  kaolin  in 
seams  and  vugs.  The  ore  was  confined  to  the  quartzitic  rock,  the 
porphyry  adjoining  it  being  impregnated  with  unoxidized  fine  pyrite, 
as  in  the  Yankee  Girl.  It  seemed  to  follow  two  general  fracture 
planes  running  at  right  angles  to  the  main  direction  of  fracturing, 
viz,  N.  10'  W.  lie  suggested  that  the  copper  sulphates  had  been 
leaelu»d  out  first,  leaving  the  relatively  insoluble  lead  salt4s  and  open 
spaces.  Mr.  Emmons  did  not  visit  the  lower  part  of  the  mine,  which 
he  was  informed  produced  a  low-grade  enargite  carrying  chaleopyrite. 
The  eaves  characteristic  of  the  upper  workings  were  said  not  to  occur 
in  the  lower  workings.    Schwarz,^  in  the  paper  already  i*eferred  to,  gives 


'  The  ore  deiK)aits  of  Red  Mountain.  Ouray  County.  Colo.:  Trans.  Am.  Inst.  Min,  Bng.,  VoL 
XVIII.lHHii-flO.pp.  r«-14o. 
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a  description  of  the  secondary  or  oxidized  ores  of  the  American  15elle 
and  neighboring  mines.  They  "occur  above  a  former  water  line, 
either  attached  to  walls  of  caves,  as  broken  detached  masses,  or  as  a 
bed  of  clayey  mud  or  sand,  more  or  less  completely  filling  the  cave. 
The  cave  formation  is  identified  with  the  massive  outcroppings  or 
knolls  of  silicified  andesite  ordinarily  termed  'quartz.'  These  knolls 
*  *  *  present  a  rough  mass  of  quartz,  cut  up  by  cross  fractures, 
and  showing  small  vugs  and  cavities  on  the  exposed  cliff  faces.  The 
ore-bearing  caves,  which  ramify  throughout  the  mass,  generally  come 
to  the  surface  along  the  cliff  base."  The  caves  are  stated  to  come 
together  in  depth.  The  ores  were  mainly  carbonates  of  lead  and  iron, 
witli  iron  oxide,  lead  sulphate,  and  arsenates.  Kaolinite  and  zinc 
blends  were  common.  Galena  occurred,  but  usually  as  a  residue 
core.  Such  wei*e  the  ores  of  the  National  (American)  Belle,  Grand 
Prize,  and  Vanderbilt  mines,  according  to  Schwarz.  He  briefly  sum- 
marizes the  characteristics  of  these  secondaiy  ores  as  follows: 

1.  The  secondary  ores  are  richer  than  the  sulphide  ores  occurring  below  them. 

2.  The  ores  of  adjoining  or  connecting  caves  are  sometimes  greatly  different  in 
grade. 

3.  In  some  cases  the  formation  of  the  caves  along  fracture  or  cleavage  planes  is 
evident,  but  in  others  all  traces  of  such  planes  are  quite  obliterated. 

4.  The  cave  walls  are  a  porous  sandy  ijuartz,  the  sand  from  the  disintegration  of 
which  forms  part  of  the  cave  filling. 

5.  The  line  of  change  from  oxidized  to  unoxidized  ores,  or  the  former  water 
level,  is  very  marked.  It  varies  as  much  as  100  feet  in  elevation  in  properties 
within  1,000  feet  of  each  other,  rising  to  the  south  and  west.  The  quartz  outcrop 
rarely  rises  more  than  200  feet  above  it. 

6.  In  isolated  cases  may  be  found  masses  of  the  unoxidized  ore,  the  euargite  (i.  e., 
in  National  Belle) ,  above  the  line  of  change,  in  the  vicinity  of  the  secondary  ores. 

Mr.  Schwarz  ascribes  the  formation  of  the  caves  and  the  secondary 
ores  within  them  to  ** surface  waters"  which  "dissolved"  sulphide 
ores"  and  country  rock  as  they  moved  along  fracture  planes. 

In  1S99  no  tliorough  examination  of  the  mine  w^as  possible,  the 
croppings  and  an  adit  tunnel  constituting  the  only  accessible  places 
for  observation.  The  knob,  or  *' blow-out,"  as  the  miners  commonly 
term  it,  is  in  many  places  plainly  an  altered  igneous  rock,  probably 
andesit-e  or  andesitic  breccia.  But  the  nuiterial  in  which  the  original 
porphyritic  structure  is  still  recognizable  passes  with  no  discoverable 
line  of  demarcation  into  a  rock  consisting  chiefly  of  quartz,  in  the 
condition  of  a  fine-granular  crystalline  aggregate.  On  the  northwest- 
ern side  of  the  knoll  the  country  rock  was  originally  a  monzonite- 
poii)hyry  mass  of  the  same  kind  as  that  exposed  just  south  of  the 
Yanktv  Girl,  or  forming  the  cliffs  just  east  of  Summit  Station.  This 
intrusive  rock  lias  been  altered  in  a  similar  manner  to  the  andesitic 
breccia.  The  comparatively  fresh  facies  in  which  the  orthoclase  and 
quartz  ])henocrysts  lio  in  a  fine  gre(»nish  groundmass  may  be  traced 
into  a  medium  stagr  of  alteration  in  which  the  orthoclase  phenocrysts 
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are  still  recopiizable  from  their  outlines,  although  changed  to  kaolin 
and  diaspore,  and  finally  into  a  white  siliceous  rock  in  which  nearly  all, 
or  quite  all,  traces  of  original  structure  are  lost.  The  exact  character 
of  this  alteration  has  already  been  discussed  on  page  12t>.  The  silici- 
fied  material  of  the  knob  is  most  irregularly  and  thoroughly  fissured. 
The  larger  fissures  often  expand  into  irregular  caves,  which,  as  far  as 
could  Ik?  seen  with  the  limited  opportunities  for  ol>servation  in  1809, 
did  not  run  in  any  single  dominant  direction.  A  few  of  the  smaller 
caverns  only,  near  the  surface,  could  be  seen.  These  were  lineil  with 
crumbling,  rust-colored,  oxidize<l  ore,  beneath  which  there  was  often 
unaltereil  galena.  Sometimes  these  caves  are  lined  and  partly  filled 
with  a  light,  porous,  pumiceous  sponge  of  quartz.  This  is  not  the 
cellular,  honeycombed  quartz  resulting  from  the  removal  of  ore  by 
oxidizing  waters,  but  is  an  original  spongj'  crj'stallization  of  minute 
quartz  crystals,  with  some  interstitial  kaolin.  It  forms  a  light  friable 
mass  that  is  strongly  suggestive  of  pumice.  It  is  analogous  to  the 
"sugar  quartz"  occurring  in  vugs,  with  sericite,  in  some  of  the  gold- 
quartz  veins  of  California,  although  not  to  the  "  sugar  <[uartz  "  which 
results  from  a  crushing  of  the  vein. 

The  National  Belle  mine  has  long  been  noted  for  the  abundance 
and  purity  of  the  kaolin  found  in  its  workings.^  It  occurs  as  a  soft, 
white  filling  of  fractures  in  the  altered  country  i-ock,  or  in  brecciated 
zones  as  a  matrix  inclosing  fragments  6t  the  wall  rock.  It  appeared 
to  be,  in  part  at  least,  of  more  recent  origin  than  the  sulphide  ores, 
but  no  opportunity  was  available  to  study  its  occurrence  in  the  deeper 
workings  or  in  connection  with  the  unoxidized  ores.  When  drj'  this 
kaolin  fonns  a  pure  white  powder  which  the  microscope  shows  to  c*on- 
sist  of  crystal  scales,  usually  hexagonal  in  outline  and  about  0.1  mm. 
in  average  diameter.  The  optical  properties  of  these  ciystAls  have 
been  described  by  Reusch.^  Two  chemical  analyses  of  tliis  material 
are  here  reproduced,  (I)  by  Hillebrand^  and  (II)  by  Hiortdahl:  *' 

Analyses  of  kaolinite  from  Natioiuil  Belle  mine. 
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«  R.  C.  Hills:  Am.  Jour.  Sci.,  3d  series.  Vol.  XX  VII,  1884,  p.  473. 
a  Neues  Jahrb.  filr  Min.,  etc.,  1887,  Vol.  il,  pp.  70-72. 
3  Bull.  U.  S.  Geol.  Survey  No.  2<),  1885,  p.  98. 
*  Neues  Jahrb.  fOr  Min.,  1887,  Vol.  II,  p.  70. 
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As  shown  by  E.  B.  Hiirlbut/  however,  not  all  of  the  whit^  ciys- 
talline  powder  found  in  the  National  Belle  is  kaolin,  but  alunite  also 
occurs  in  nearly  identical  form,  clearly  associated  with  enargite. 
Ilurlbut's  analysis  is  here  quoted: 

AyialyaUi  of  alunite  from  National  Belle  mine. 
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No  study  could  be  made  in  1899  of  the  occurrence  of  the  unoxidized 
ore,  chiefly  enargite,  of  the  deeper  workings  of  the  mine.  Some  of 
the  enargite  occurred  lining  caves  below  the  zone  of  oxidation,  form- 
ing beautiful  radiating  clusters  of  orthorhombic  prisms  several  centi- 
meters in  length.  These  prisms  are  usually  covered  with  a  thin 
moss-like  film  of  malachite  and  often  partly  incrusted  \vith  minute 
crystals  of  quartz. 

From  reports  made  to  the  company  by  the  superintendent,  Mr. 
James  K.  Harvey,  for  the  years  1891-1896,  the  ore  appears  to  have 
occurred  in  large  masses  irregularly  distributed  in  the  altered  country 
rock  and  irregular  in  shape.  The  greatest  recorded  length  of  one  of 
these  bodies  is  about  75  feet,  and  they  commonly  varied  in  width  from 
1  to  4  feet,  although  occasionally  as  much  as  60  feet  wide.  The  great- 
est dimension  was  commonly  nearly  vertical,  and  in  some  cases  the 
chimney-like  form  was  pronounced  (see  fig.  20).  The  unoxidized  ore 
was  in  part  enargite,  carrying  at  its  best  as  much  as  30  ounces  of  sil- 
ver and  40  per  cent  of  copper.  It  was  associated  with  both  copper  and 
iron  pyrites,  some  tetrahedrit^,  and  galena  in  diminishing  amount 
down  nearly  to  the  No.  4  level.  The  latter,  at  the  second  level, 
occurred  as  streaks  in  the  copper  and  iron  pyrites,  and  carried  up  to 
44  ounces  of  silver  and  60  per  cent  of  lead  in  10-ton  carload  lots.  In 
a  winze  50  feet  below  the  third  level  galena  occurred  in  small  nodules 
only.  In  the  National  Belle  ore  the  gold  rarely  amounted  to  more 
than  a  tenth  of  an  ounce  per  ton,  and  was  usually  much  less. 

Practically  no  paying  ore  was  found  below  the  third  level,  explora- 
tions on  the  fourth  level  resulting  only  in  finding  small  bunches  of 
ore  and  masses  of  crumbling  iron  pyrite  canying  less  than  one-tenth 
ounce  of  gold  and  about  5  ounces  of  silver  per  ton,  with  from  1  to  3 
per  cent  of  copper.  The  large  north  ore  body,  which  on  lev^el  3  was 
a  nearly  solid  mass  of  ore  31  feet  long  and  24  feet  wide,  carrying  as  a 
whole  4  to  7  ounces  of  silver,  4  to  6  per  cent  of  copper,  and  .04  ounce 
of  gold,  and  which  had  been  stoped  up  over  100  feet  above  level  2,  was 
not  encountered  in  the  bottom  level.     On  level  2  this  ore  body  was  75 


»  Am.  Jour.  Sci.,  3d  series.  Vol.  XL  VIII,  18W,  pp.  130. 131. 
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fe<?t  loii^  ])y  r>0  feot  wide,  .*ind  carried  from  7  to  25  ounces  of  silver  per 
ton  and  from  7  to  20  per  cent  of  copper.  It  is  said  to  have  been  chiefly 
iron,  pyrite,  and  <.*lialcopyrite,  with  some  galena  and  enargite.  This 
ore  was  firmer  and  of  higher  grade  than  that  at  the  level  below. 
From  tlie  annual  rei>orts  of  the  company  it  appears  that  masses  of 
iron  pyrite  were  not  limited  to  the  deeper  workings,  but  occurivd 
alx>vc  tlie  second  level,  sometimes  immediately  beneath  the  carbonate 
ore.  Mucli  of  the  higher-grade  ore,  such  as  enargite,  galena,  and 
t^trahedritc*,  occurred  as  bunches  of  various  sizes  in  the  pyrite. 

Owing  to  tlie  decline  of  silver  to  almost  half  its  former  value,  the 
general  low  grade  of  the  National  Belle  ore,  and  the  lack  of  facilities 
for  its  ec<momic  treatment,  it  was  found  impossible  to  oi)erate  at  a 
profit,  and  the  mine  was  closed  in  1S1>7.  The  ground  below  the  fourth 
level  is  as  yet  unexplored,  but  the  diminished  value  and  amount  of 
ore  at  that  level  deterred  the  company  from  further  sinking. 

The  water  in  the  National  Belle  mine  was  apparently  not  abundant 
or  troublesome,  as  no  mention  is  made  of  it  in  the  superintendent's 
reports.  From  the  location  of  the  mine  and  its  moderate  depth  (4I>0 
feet)  no  great  amount  would  be  expected. 

WJiife  Cloud  viine. — This  mine,  now  abandoned,  lies  less  than  a 
quail/er  of  a  mile  north  of  the  Guston.  It  appears  never  to  have 
struck  a  paying  ore  Ixxly.  The  shaft  is  sunk  on  the  northern  end  of 
an  elliptical  knob  of  ])leached  and  silicified  San  Juan  breccia.  The 
length  of  this  knoll  is  about  50  feet  and  its  trend  about  X.  10°  E.  It 
terminates  rather  abruptly,  with  no  sign  on  the  surface  of  any  vein 
in  the  line  of  its  major  axis.  The  silicified  material  of  the  knob  is 
impregnated  with  small  crystals  of  iron  pyrite. 

Paymaster  mine. — This  also  is  an  abandoned  property  lying  a  quar- 
ter of  a  mile  northeast  of  the  White  Cloud.  About  16  carloads  of  ore 
are  said  to  have  been  shipped  from  one  ore  body,  but  the  mine  was 
never  a  large  producer.  It  is  ci^edited  with  an  output  of  $14,434  in 
1890.  In  1801)  the  shaft  was  filled  with  water  to  within  about  200  feet 
from  the  surface,  and  the  first  level  onlj'  was  accessible.  The  coun- 
try rock  at  this  depth  is  all  much  altered  and  irregularly  fissured  and 
the  fissures  are  frequently  filled  with  seams  of  kaolin  or  talc,  which 
is  evidently  a  product  of  the  alteration  of  the  adjacent  rock.  Drifts 
and  crosscuts  run  in  all  directions  from  the  shaft,  but  apparently  no 
ore  was  found  on  this  level.  The  ore  seen  on  the  dump  and  in  the 
ore  bins  was  (essentially  a  galena  ore,  associated  with  much  pyrite. 

Silrcr  Bell  mine. — Lj'ing  about  a  quarter  of  a  mile  north  of  the 
Pa3'master,  this,  at  one  time  one  of  the  better-known  and  productive 
mines  of  th(»  district,  is  also  dismantled  and  ina<*cessible.  The  shaft, 
about  700  feet  in  depth,  is  now  filled  with  water  to  within  100  or  200 
feet  from  the  surface.  Sections  thi*ough  the  mine  ai^e  shown  in  fig.  21. 
According  to  Schwarz  ^  this  mine  had,  in  1888,  produced  large  amonnt>s 
of  ore  carrying  from  500  to  l,Or)0  ounces  of  silv'er  i)er  ton.     This  rich 

»  Proc.  Colo.  Sci.  Sot.,  Vol.  Ill,  18SS.  p.  84. 
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ore  is  said  to  have  been  bismuth  if eroiis.  Tlie  prcKliiet  for  tlie  tliree 
years  that  have  been  recorded  in  the  Mint  reports  is  as  follows,  the 
silver  being  quoted  at  coinage  value  and  lead  or  copper  not  given : 

Product  of  Silver  Bell  m  ine. 


Yoar. 


Gold.       Silver.       Total. 


iss:. 

1HK8. 


I2.44M)       177.  (VM)         $iiO,(m 

72,4IH  72,404 

1.512        34.211  25,733 


A  specimen  of  the  rich  ore,  obtained  from  a  miner  who  had  worked 
in  the  mine,  proved  on  chemical  examination  to  be  an  argentiferous 
leadsulphobismuthite.    Kobellite,  asulphobismuthite  of  lead,  in  which 
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Fio.  21.— SoctioDH  thronfrh  the  Silver  Bell  mine,  showing  ore  Ixxlies  stoped. 

part  of  the  bismuth  is  rt»placed  by  antimony,  has  been  described  by 
H.  F.  Keller*  from  this  mine,  associated  with  chalcopyrite  and  barito. 
He  gives  four  analyses,  of  which  the  mean  is  hei*e  quoted: 

^fean  unalyHM  of  kobellite  fnnn  Silirr  Bell  mine. 
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1  Zeitaohrift  far  Kryt.«  Vol  XVII,  1890,  pp.  07-72. 
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In  1800  the  Silver  Bell,  with  other  mines,  came  into  the  x>ossession 
of  the  American  Belle  Mines,  Limited,  of  London,  and  in  1891  the 
mine  was  worked  throujifh  a  vertical  shaft  706  feet  iu  depth,  with  ten 
levels.  At  this  depth  about  65  gallons  per  minute  of  strongly  cor- 
rosive water  had  to  be  removed  by  the  pumps.  According  to  Super- 
intendent Ilarvey,  this  water  was  "stronglj'  impregnated  with  sulphuric 
acicl  generated  from  the  pyrites  in  the  ore  l>odies." 

The  rich  ore  found  in  the  upper  levels  changed  in  depth  to  lai-ge 
bodies  of  low-grade  ore  consisting  chiefly  of  pyrite  and  carrying  less 
than  20  ounces  of  silver.  Most  of  the  high-grade  ore  seems  to  have 
l>een  extracted  when  the  mine  came  into  the  possession  of  its  new 
owners,  and  after  some  attempt  to  work  the  low-grade  ores  in  the  face 
of  the  falling  jirice  of  silver  the  mine  was  abandoned  in  1894.  Details 
of  the  character  of  the  ore  and  its  changes  are  lacking,  but  the  ore 
bodies  seem  to  have  been  generally  similar,  in  shape  and  in  their 
relation  to  the  country  rock,  to  those  of  the  Yankee  Girl. 

Congress  mine. — This  ore  body,  situated  about  a  mile  south  of  Red 
Mountain,  was  located  in  the  autumn  of  1881,  and  sold  the  following 
year  for  $21,000.  In  1883,  according  to  the  Mint  reports,  the  mine 
produced  about  2,500  tons  of  ore,  valued  at  $220,000.  It  was  worked 
through  an  adit  tunnel  and  a  shaft  350  feet  in  depth  sunk  from  the 
tunnel.  In  1809,  after  some  years  of  inactivity,  the  mine  was  being 
reopened.  The  shaft  was  carried  to  the  surface  and  new  buildings 
and  hoisting  plant  were  in  course  of  erection. 

The  old  workings  were  not  accessible  in  1899,  but  the  ore  bodies 
appeared  to  constitute  a  chimnej^-like  stock  deposit  of  the  kind  char- 
acteristic of  the  Red  Mountain  mines.  The  ore  occurs  in  irregular 
bunches,  although  there  is  said  to  be  some  indication  of  a  vein  running 
nearly  north  and  south.  The  richest  ore  was  found  in  a  soft,  decom- 
posed streak  near  the  surface  and  carried  from  $12  to  $20  in  gold. 
The  ore  is  chiefly  enargite,  but  there  are  also  bunches  of  galena, 
which  are  said  to  occur  on  the  peripheries  of  the  ore  bodies.  The 
enargite  as  seen  near  tlie  surface  had  been  partly  brecciated  and 
recemented  by  a  very  compact,  soft  aggregate  apparently  largely 
composed  of  kaolin.     In  1000  the  mine  was  again  idle. 

St.  Paul  raine. — This  property,  lying  a  short  distance  south  of  the 
Congress,  shows  certain  points  of  resemblance  to  the  latter.  Some 
ore  was  formerly  extracted  from  a  sliaft  75  feet  deep.  The  present 
workings  comprise  a  vertical  shaft  200  feet  deep,  with  some  drifts 
at  the  2()0-foot  level.  The  ore  is  low  grade  and  consists  chiefly  of 
enargite  with  some  galena,  forming  a  fine-grained  aggregate.  It 
occurs  in  irregular  bunches  in  much  altered  andesitic  breccia  of  the 
Silverton  series,  which,  near  the  ore,  is  lieavily  impregnated  with  fine 
iron  pyrite,  associated  with  small  knots  and  veinlets  of  kaolin.  No 
definite  line  can  be  drawn  between  ore  and  country  rock,  the  former 
being  largely  a  replacement  of  the  latter.     The  ore  bodies  are  found 
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by  following  small  seams  of  gouge  or  kaolin  in  the  country  rock. 
There  is  no  regular  direction  to  these  seams,  and  they  are  themselves 
curved  and  irregular.  The  mine  has  not  produced  much,  but  was 
shipping  ore  in  VMfO. 

Carhonak  King  mine, — This  property,  in  Corkscrew  or  Humboldt 
Gulch,  is  opened  by  a  shaft  395  feet  deep.  After  lying  idle  for  some 
years,  work  was  resumed  in  1900.  In  some  ways  this  deposit  is  a  con- 
necting link  between  the  stock  or  chimney  deposits  of  Red  Mountain 
and  the  lodes  of  the  resc  of  tlie  quadrangle.  It  resembles  in  tliis- regard 
the  Henrietta  mine,  which  is  described  on  another  page.  The  ore  of 
the  Carbonate  King  occurs  in  a  distinct  fissure,  striking  about  N.  5^ 
W.  and  dipping  west  about  50°.  The  lode  is  a  zone,  4  to  5  feet  wide, 
of  crushed  country  v<  ck,  appai'ently  altered  andesite,  in  which  the  ore 
occurs  in  bunches.  There  is  usually  a  soft  gouge  on  the  foot  wall  of 
this  crushed  zone.  The  ore  is  sometimes  frozen  to  the  hanging  wall, 
sometimes  separated  by  gouge.  Between  the  walls  is  much  kaolin, 
occurring  in  the  interstices  between  fragments  of  altered  uumineralized 
rock.     It  also  occurs  as  seams  in  the  wall  ro<3k. 

There  is  a  second  fissure  of  similar  character  which  branches  off  from 
the  main  lode.  It  strikes  N.  20°  W.  and  dips  southwest  ^t  60°  to  05°. 
It  consists  of  a  zone  of  crushed  rock  4  to  5  feet  wide,  containing  abun- 
dant kaolin,  and  separated  by  gouge  from  uneven  walls.  This  branch 
fissure  contains  bunches  of  galena  ore. 

The  ore  of  the  main  lode  is  an  intimate  mixture  of  pyrite,  one  of 
more  sulphobismuthites,  and  probably  tetrahedrite,  with  barite  as  the 
common  gangue.  No  vein  quartz  was  seen.  The  ore  streak  may  vary 
from  a  few  inches  to  3  feet  in  width.     It  is  often  absent  altogether. 

The  bismuthiferous  varieties  caiTy  as  much  as  500  ounces  of  silver, 
with  lead  and  copi>er.  Ore  worth  less  than  $20  per  ton  can  not  be 
shipped. 

Midnight  mine. — This  mine,  situated  in  Corkscrew  Gulch,  a  short 
distance  below  the  Carbonate  King,  has  not  been  worked  for  some 
years.  It  contained  some  good  ore,  but  its  extraction  was  rendered 
expensive  by  the  abundant  water  met  with.  It  is  wholly  inaccessible 
at  present. 

Other  miners, — Many  other  mines,  such  as  the  Senate,  Hudson, 
Charter  Oak,  and  Humboldt,  were  all  formerly  active  in  this  region, 
and  have  in  some  cases  produced  considerable  ore.  In  those  named 
the  ore,  when  it  occurred,  appears  to  have  had  the  form  and  charac- 
teristics already  described  as  common  to  the  typical  Red  Mountain 
deposits.  All  these  mines  had  been  abandoned  in  1899  and  conse- 
quently were  not  ac(»essible  for  study,  and  very  little  informaticm 
regarding  theni  could  be  obtained.  The  Hudson,  owned  by  the 
American  Belle  Company,  was  worked  through  a  vertical  shaft  253 
feet  in  depth.  The  ore  does  not  appear  to  have  occurred  in  large 
bodies.     On  the  first  level  ore  consisting  of  pyrite  and  chalcopyrite 
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(an<l  probably  eiiarjj:ite)  carrieil  from  20  to  2^)  ounces  of  silver  per  ton 
and  «;  to  40  [nn'  cent  of  copper.  The  mine  was  closed  in  1801.  In 
ISUo,  2()  tons  of  enargite  ore,  carrying  about  20  per  cent  of  copper, 
wero  collected  from  the  dump  and  realized  ^PlS.T?  per  ton.  In  its 
general  cliaracter  tlie  ore  of  this  mine  seems  U)  have  been  very  simi- 
hir  to  the  low-grade  ore  of  the  National  Belle,  carrying  enargite  and 
copper  and  iron  pyrite. 

Other  mines  and  prospects,  showing  more  or  less  ore  occurring  in 
typical  Red  Mountain  form,  occur  at  the  heads  of  Pi'ospect  and  Dry 
gulclu^s  on  the  eastern  slope  of  Red  Mountain.  The  Mineral  King,  in 
Prospect  Gulch,  has  a  shaft  150  feet  deep,  sunk  to  develop  a  ''chim- 
ney'' of  ore  which  outcropped  in  the  bed  of  the  creek.  This  ore 
shoot  was  cylindrical  in  form  and  nearly  vertical,  with  a  diameter  of 
about  H  feet.  The  ore  was  a  highly  argentiferous  copper  ore,  which 
is  said  to  have  contained  as  much  as  1,300  ounces  of  silver  per  ton. 
It  was  surrounded  by  the  usual  envelope  of  silicifled  andesitic  breccia, 
which  graded  outward  into  less  altered  forms  of  the  same  i-ock.  This 
ore  lK)dy  pitched  slightly  to  the  south,  and  was  followed  down  for  110 
feet,  when  it  pinched  out.  Forty  feet  deeper,  drifts  have  been  run  in 
all  directions  in  an  endeavor  to  find  a  continuation  of  the  pay  shoot, 
but  without  avail.  The  rock  at  this  level  is  traversed  by  numerous 
fissures,  usually  carrying  some  kaolin  and  accompanied  by  kaoliniza- 
tion  of  the  wall  rock.  They  sometimes  widen  into  "pockets"  filled 
w  ith  soft,  unctuous  yellow  clay.  One  prominent  fissure  has  a  coui-se 
of  X.  80^  W.,  another  of  S.  5°  W.,  and  still  others  run  in  various 
directions.  It  is  probable  that  the  original  oi*e  channel  was  formed 
by  the  intersection  of  two  or  more  of  these  fissures.  All  of  the  ande- 
sitic breccia  exposed  in  the  artificial  openings  of  this  vicinity  show 
some  mineralization,  with  frequent  small  bunches  of  galena  and  other 
ore,  but  it  was  apparently  only  under  exceptionally  favorable  con- 
ditions of  Assuring  that  this  diffuse  mineralization  was  concentrated 
into  ore  bodies  of  workable  size. 

Near  the  head  of  Prospect  Gulch  the  Galena  Queen,  with  a  shaft 
about  300  feet  deep,  shows  a  dump  of  similar  character  to  that  of  the 
St.  Paul.     It  is  no  longer  worked. 

Active  prospecting  was  in  progress  in  1000  in  the  neighborhood  of 
the  Galena  (Jueen,  many  of  the  shallow  openings  showing  some  ore. 

The  Henrietta  mine,  in  the  lower  part  of  the  same  gulch,  is  described 
with  the  Cement  Creek  mines,  on  page  257. 

Th(?  Webster,  at  the  head  of  Dry  Gulch,  is  worked  through  an 
inclined  shaft  3*20  feet  deep.  The  shaft  is  sunk  on  a  fissure  carrying 
a  little  gouge,  in  Silverton  breccia.  This  fracture  strikes  about  S.  10° 
W.  The  dip  at  first  is  about  To""  to  the  south,  but  at  200  feet  it  fiat- 
tens  to  about  lo"".  A  little  argentiferous  copper  ore  has  been  found 
in  buiK'hes. 

S(ir(tto(ja  mine. — On  the  eastern  side  of  Ironton  Park  are  several 
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ore  deposits  which  are  of  diffei-ent  tyiKis  from  those  just  described. 
The  conspicuous  alteration  which  has  given  the  rocks  of  Red  Moun- 
tain their  brilliant  tints  is  limited  on  the  northeast  by  Grey  Copi>er 
Gulch,  and  it  is  to  this  area  of  altered  rock  that  the  peculiar  chimney- 
like  deposits  of  the  Yankee  Girl  type  are  confined. 

The  Saratojjfa  was  loi*ated  in  1883,  and  has  produced  in  all  al>out 
$125,000.  A  far  greater  sum  than  this  has  been  expended  in  develop- 
ment and  in  the  erection  of  an  expensive  lixiviation  plant.  Consi<ler- 
able  work  was  done  in  1886,  and  in  1889  and  1800  about  100  men  were 
employed.  Since  1800  work  has  been  confined  to  extracting  pockets 
of  ore  with  two  or  three  men. 

The  lowest  formation  exposed  at  the  Saratoga  mine  is  a  massive 
quartzite,  white  or  light  buff  in  color,  which  outcrops  near  the  mill, 
with  no  recognizable  bedding.  Without  much  doubt  this  quartzite 
represents  a  portion  of  the  Algonkian  series,  here  rising  a  little  al>ove 
the  level  of  Iron  ton  Park.  Lying  unconformably  ui^on  this  quartzit-e 
is  a  locally  nearly  horizontal  formation  of  limestone,  sometimes  thinly 
bedded,  which  is  probably  of  Devonian  age  and  to  Ix*  correlated  with 
the  limestone  occurring  south  of  Silverton.  The  thickness  of  this 
limestone  is  not  known,  but  is  apparently  somt^what  variable,  and  in 
places  it  certainly  reaches  a  thickness  of  75  feet.  ^  Some  thinly  In^dded 
portions  at  its  top  appear  to  have  been  silicified,  forming  a  material 
resembling  quartzite  at  first  glance,  but  composed  of  vein  quartz  con- 
taining numerous  little  vugs.  Above  the  limestone  there  occurs  a 
thin  stratum  of  telluride  conglomerate,  originally  composed  largely  of 
limestone  pebbles,  but  now  silicified  an<l  with  its  conglomeratic  char- 
{icter  obscui'ed.  This  appears  to  ivpresent  the  rapidly  thinning  ejvst- 
ern  margin  of  this  conglomerate,  for  it  is  not  recognizable  a  sliort 
distance  within  the  hill,  in  the  mine  workings,  where  the  volcanic 
breccias  of  the  Silverton  series,  containing  some  massive  aiidesit«»,  lie 
upon  the  limestone. 

The  ore  body  of  the  Saratoga  occurs  in  the  limestone,  and  j)robably 
in  part  in  the  telluride  conglomerate,  and  is  very  irregular.  Near 
the  surface  of  the  hill  it  is  a  mass  of  soft,  rust-colored,  oxidized  mate- 
rial, easily  worked  with  pick  and  shovel,  and  traversed  by  numerous 
irregular  seams  of  soft  clay  gouge.  The  pay  ore  o<*curs  along  these 
seams  or  goug(»s  and  is  (chiefly  a  carbonat(»  of  lea^l  carrying  silver, 
probably  as  chloride.  Residual  kernels  and  mas.si^s  of  whit<*  crystal- 
line limestone  are  of  frequent  occurrence,  surrounded  by  the  rHsty 
decomposed  material  of  the  ore  body.  The  Iw^st  ore  is  found  resting 
on  the  oxidized  upper  surface  of  a  mass  of  iron  pyrite.  This  pyrite 
varies  greatly  in  thickness,  and  in  what  is  known  as  the  lower 
tunnel  it  is  nearly  100  feet  thick — a  mass  of  nearly  pur<%  crumbling 
pyrite,  resting  on  the  quartzite,  or  occasionally  on  limestone,  wken 
the  latter  has  not  been  wholly  replaced.     This  pyrite  carries,  accorAisg 

*  According  to  Kedzie,  loc.  <tit.,  itn  mean  thickness  in  140  feet. 
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to  Mr,  W.  H,  Fry,  part  »wnpr  and  former  superintendent  of  the 
mini-,  fn)iii  :t  to  4  ounces  of  nilver  and  0.4  to  0.5  of  an  onnce  of 
jrold,  tmin^  tlius  tiM)  poor  to  work.  Several  tunnebi  have  been  ran 
into  thp  hill.  l>ut  owing  to  the  easterljrdip  of  the  ore  they  all  pass 
through  the  oi-e  iMidy  and,  if  continued  far  enough,  oome  into  the 
volcanic-  rookn  of  the  Silverton  serieii.  This  oxidized  ore  is  not  capped 
by  the  overlying  aude»ite,  but  passes  upward  into  the  loose  material 
an<]  soil  of  the  present  surface  of  the  hillside.  When,  however,  the 
ore  is  followed  far  enough  to  the  eastward  it  passes  beneath  andesitie 
breccia  and  changes  to  a  sulphide  ore,  consisting  of  pyrite  and  a  little 
chalcopyrite,  with  occasional  bunches  of  partly  oxidized  pay  ore,  car- 
rying galena  and  argenlite.  Tliis  ore  is  the  result  of  a  replacement  of 
the  liiiieHt'oni-  lo  varying  depth  along  the  contact  between   it  and  the 
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overlying  andesitie  bi-eecin.  It  varies  in  thickness  from  a  few  inches 
uptii  ;(  feet.  Tin- overlying  volcanic  breccia  is  usually  much  altered, 
thickly  inijin'gnaterl  with  pyrite,  imd  traversed  by  veinlets  of  the 
HHUic  niiiiiTHl.  The  oiv  is  not  distributed  at  random  through  the  con- 
tiM-t  plane  iK-lwcf-n  limcMtouc  aiul  bi-eeeia,  but  the  bunches  of  ore  thus 
far  fouixl  111'  along  a  line  bearing  a!>oiif  N.  30°  E.,  as  if  the  minerali- 
Katioii  had  Ix'cu  cuiitnilled  by  some  fissure  or  fissures  having  this 
direction.  An  this  is  the  doniiintnt  direction  of  Assuring  in  the  vicin- 
ity, this  seems  not  unlikely.  The  actual  fissure  which  determined 
the  niincralijiatiun  is,  however,  not  readily  identified.  It  may  lie  to 
the  westwanl,  in  which  case  its  intersection  with  the  ore  horizon  has 
iMjen  renu>ve<l  by  erosion.  It  may  l)e  the  latge  lode,  presently  to  be 
descrilMMl,  which  lies  to  the  eastwarti,  or  it  may  l»e  some  less  con- 
spicuous fisstin'.     A  small  fissure  having  this  strike  of  N.  80°  B.  was 
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noted,  which  fniilted  the  ore  body,  throwing  down  the  southeast  por- 
tion a  few  iiiches.  This,  however,  appeared  to  be  a  post-mineral 
fault  and  18  probably  a  lat«  manifestation  of  the  same  faces  which 
produced  the  earlier  dominant  flasuring  of  identical  trend. 

The  upper  tunnel  of  the  Saratoga  has  l>een  nin  1,000  feet  into  the 
hill.  It  passes  through  the  ore  and  limestone  into  a  line-graineu, 
massive  andesite,  and  about  600  feet  from  its  mouth  cuts  a  strong  lode 
carrying  pyrite,  in  a  gangue  of  vugey,  white  quartz.  This  vein  is  from 
3  to  3  feet  wide,  striking  N.  HO"  £.,  and  dipping  southeast  at  about 
85".  It  is  too  low  grade  to  work.  Beyond  the  lode  the  tunnel  passes 
through  about  50  feet  of  iron  pyrite,  limestone,  and  quartz — all  much 
shattered.  This  appears  to  l>e  a  mineralized  fault  breccia,  disturbed 
by  later  movement.    On  the  southeast  of  this  shattered  zone  is  andesitic 


breccia,  but  owing  to  the  gas  in  the  end  of  the  tunnel  it  was  found 
impossible  in  1893  or  litOO  to  make  any  further  nl>8er\ations. 

It  is  to  be  noted  that  O.  E.  Kedzie '  has  interpreted  the  form  of  the 
Saratoga  ore  l>ody  in  a  different  manner  from  that  set  forth  in  the 
foregoiny  pagi^s.  His  section  is  herewith  reproduced  (tig.  '2-2).  This 
same  se<-Iion  is  also  given  in  Phillips  and  Louis's  Treatise  on  Ore 
Deposits,  although  these  authors  remark  that  there  seems  to  have 
been  hardly  enough  work  done  to  pronounce  very  positively  as  to  the 
characterof  the  ore  body.*  At  the  time  of  Kedzie's  visit  the  mine  was 
more  accessible  throughout,  but  not  enough  ground  had  l>een  exploited 
upon  which  to  base  all  the  details  of  his  section.     Thus  his  "  upper 

'The  betiiled  ore  dBp<«ith  r.f  Rpd  Moiint»lii  mlnfnB  district,  Ontay  County.  Colo.:  Train.  Am, 
Inst,  Min,  EnR..  Vi>l.  XVI.  IKor-BB.  p|..  STH-Ml. 

'A  Trtatlw  on  Ore  Depoaits,  J.  Anbar  PbllUim.  seconcl  ed.  reirritteD  and  euUrged  by 
Heary  Lania.  LodiIod,  1890,  p.  163. 


244  KCONOMIC   GEOLOGY  OF   8ILVERTON   QUADRANGLE.     [bill-W!. 

quartzit4>"  appears  to  l>e  the  same  as  the  massive  quartzite  here 
included  in  the  Algonkian.  His  '*pink  (luartzjt^*"  is  evidently  the 
8ili<*ifie<l  telliiride  eonjjlonierate,  while  his  *'h>wer  <|iiartzit^''  eould 
not  Im»  identified  in  the  Saratoga  workings.  He  states  that  it  is  ])ene- 
trated  by  the  Jackson  tunnel,  about  800  feet  southwest  of  the  Sara- 
toga, but  this  tunnel  is  no  longer  aecessibh^.  A  truer  ii'pi'esentatiou 
of  tlie  ore  body  and  its  relations  to  the  inclosing  nx'ks  is  l>elieved  to  be 
affoixled  by  the  rough  diagram,  fig.  2.'J. 

In  VMK)  a  drift  was  being  run  along  the  ore-l>earing  liorizon  towani 
the  northeast  with  the  object  of  ascertaining  whether  any  on*  has 
been  deposited  at  the  intersection  of  this  horizon  by  the  large  vein 
cut  in  th<»  tunnel  above.  This  seems  an  advisable  pic*ce  of  pros|)ect- 
ing.  Hitherto  the  development  has  teen  rather  unsystematic,  and  it 
was  not  di8(*overf*d  until  10(K)  that  the  large  oxidized  on*  iKKlies  were 
continuous,  with  sulphide  oivs  passing  beneath  the  andc»sitic  breccias 
to  the  eastward. 

Baltic  group. — This  group,  comprising  the  Maud  S.,  Mono,  and 
other  claims,  is  a  prospiM*t  in  Hrooklyn  Gulch,  south  of  the  Saratoga. 
The  principal  work  at  prt\s<*nt  is  in  connection  with  tlie  Mono  hxle, 
which  strikes  X.  4.3''  K.  and  dips  northeiist  at  about  75",  and  is  reached 
by  a  tunnel  through  the  limestone  about  40()  feet  in  lengtli.  This 
lode  occupies  a  fault  fissure  of  at  least  loo  feet  thi'ow,  which  <lix)ps 
the  overlying  andesitic  breccia  on  the  southeast  until  it  lies  against 
the  limestone.  The  ore,  consisting  of  nearly  solid  pyrite  and  chal- 
copyrite,  occurs  as  a  vein  in  the  fault  fissure  and  as  a  relatively  flat 
replacement  deposit  l>etw(M*n  the  limestone  and  overlying  andesite  on 
the  northwest  side  of  the  fault.  Where  Imth  walls  of  the  fissure 
are  andesitic  the  vein  is  narrow;  but  where  one  wall  is  limestone  it 
widens,  evidently*  by  replaceim^nt  of  the  calcareous  wall.  There  has 
l)een  some  post-mineral  movement  along  the  fault  fissure,  as  shown 
by  the  presence  of  gouge  and  slickensides. 

The  ore  is  low  grade,  carrying  at  its  best  alM)Ut  30  ounces  of  silver 
and  12  per  cent  of  copper.  Ore  of  this  general  character  is  very 
abundant  both  here  and  in  the  Saratoga  mine,  but  can  not  at  present 
be  economicallv  worke<l. 

It  is  evident  that  the  ore  Inxlies  have  Imen  only  partly  prospecteil. 
No  attempt  has  In^en  made  to  find  the  ore  which  very  likely  exists  at 
the  top  of  the  limestone  on  the  downthrown  side  of  the  fault.  This 
would  seem  to  be  an  excellent  opportunity  to  employ  a  diamond  drill, 
provided  the  known  ore  Ixnlies  indicate  that  the  ore  on  the  other  side 
of  the  ti.ssure  is  worth  searching  for. 

The  Maud  S.  is  also  on  a  fault  fissuns  which  crosses  the  gulch  near 
the  mouth  of  the  Mono  tunnel.  Its  general  strike  is  N.  30°-40°  E., 
and  its  dip  south(»ast  at  about  So\  This  also  is  a  normal  fault,  let- 
ting down  the  andesite  against  the  limestone  on  the  southeast  for  at 
least  25  feet.     Some  argentiferous  copper  ore  was  formerly  taken 
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from  this  claim,  the  ore  occurring  in  replacement  bunches  in  the 
limestone  alongside  the  fault.  The  ore  is  associated  with  a  soft, 
black  alteration  product  or  residue  of  the  limestone.  Between  the 
Maud  S.  and  the  Mono  fissures  is  a  third  fault  exposed  on  the  Mono 
tunnel,  of  variable  northeasterly  strike,  dipping  southeast  at  about 
70°.  Here  also  the  andesitic  tuff  or  breccia  is  brought  down  on  the 
southeast  so  as  to  be  in  luxtaposition  with  the  limestone.  The  fault 
is  well  shown  in  a  long  drift  run  on  it  to  the  southwest.  The  fissure 
contains  soft  gouge  and  sliows  slickonsides,  but  is  about  destitute 
of  ore. 

The  l^rooklyn  tunnel,  200  feet  below  the  Mono  tunnel,  ent;ers  in 
limestone,  which  is  probably  over  200  feet  thick  in  this  gulch.  The 
tunnel  has  several  branches,  the  longest  about  800  feet  in  length.  It 
cuts  through  at  least  two  large  masses  of  crumbling  iron  pyrite, 
formed  by  replacement  of  the  limestone.  These  masses  are  bounded 
on  tlie  southeast  by  a  northeast  fault  plane,  which  brings  them 
against  a  downthrown  mass  of  andesitic  breccia.  This  fault  is  sup- 
posed to  be  the  one  already  described  between  the  Maud  S.  and 
Mono  fissures.  The  only  one  of  these  pyrite  masses  which  could  be 
reached  in  1000  is  at  least  G  feet  in  thickness  (the  height  of  the  drift), 
and  x>robably  considerably  more.  Northwest  of  the  fault  it  extends 
irregularly  into  the  limestone  for  ovc  100  feet.  Northwest  of  these 
masses  of  pyrite  is  a  long  northeast  drift,  which  appears  to  follow  a 
fault  for  most  of  its  course.  On  the  southeast  side  of  the  drift  is 
limestone  with  bunches  of  iron  i)yrite.  On  the  northwest  side  is  an 
irregularly  laminated  and  much  disturbed  quartzite,  which  may  prob- 
ably be  the  "lower  quartzite"  of  Kedzie.  The  general  strike  of  this 
laminated  quartzite,  i.  e.,  of  the  laminae,  is  about  northeast.  The 
general  dip  is  northwest,  but  exceedingly  variable.  This  quartzite 
belongs  presumably  below  the  limestone,  but  whether  it  is  the  same 
as  the  massive  quartzite  at  the  Saratoga  Mill  or  is  a  younger  quartzite 
not  there  seen,  and  perhaps  of  Devonian  or  Silurian  age,  is  not  at  pres- 
ent known. 

Jfiy  Eye  See  mine. — This  also  is  a  prospect  situated  in  Parole  Gulch, 
south  of  th(*  Maud  S.  A  shaft  was  formerly  sunk  on  a  heavy  lode  or 
hunch  of  pyrite,  asso(Mated  in  this  case  with  a  little  quartz  gangue. 
No  pay  ore  was  ever  found  in  this  shaft.  Subsequently  a  tunnel  run 
in  just  west  of  the  shaft  cut  a  locie  which  in  places  carried  tetrahedrite, 
pyrite,  and  chalcopyrite  up  to  4  feet  in  width.  The  ore  occurred  in 
lenses  connected  by  a  barren  seam  of  clay  gouge  in  soft  decomposed 
andesitic  tuff-breccia,  and  the  mine  never  paid  steadily.  The  tetra- 
hedrite sometimes  carried  400  ounces  of  silver  per  ton.  The  bodies 
of  pyrite  cut  in  the  original  shaft  are  quite  probably  part  of  the  Mono 
lode.  Hut  parallel  fault  fissures  of  southeasterly  dip  and  normal 
heav(»  are  here  so  common,  however,  that  identification  of  any  single 
one  is  almost  impossible. 
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Barstoic  mine. — This  mine,  formerly  known  as  the  BobtaiU  was  the 
only  mine  in  the  Red  Mountain  district  workinj^  and  producing  ore 
in  WM}  and  VjOO  on  anv  ^considerable  scale.  It  is  situated  about  a 
mile  west  of  the  Guston,  on  a  prominent  lode  running  up  Commodore 
Gulch,  on  which  the  Iranstan,  Bobtail,  Hector,  Saratoga,  and  3Ioscow 
claims  are  kx-ated.  The  Iranstan  and  Bobtail  were  worked  early  in 
the  eighties,  but  have  l>een  idle  for  the  last  few  years,  until  work  was 
resumed  by  the  Barstow  Mining  and  Milling  Company.  The  mine  is 
opened  by  an  oblique  crosscut  tunnel  and  all  the  work  is  on  one  level. 

The  lode,  which  has  a  general  northwest-and-sout beast  strike,  and 
dips  s^mthwest  at  about  5()%  is  a  large  one,  3<)  to  40  feet  wide,  but  the 
ore  is  confine<l  to  one  or  two  rich  streaks  in  its  middle  portion.  The 
lode  contains  much  soft,  altered  countrj'  rock  and  is  traversed  by  clay 
gouges,  making  it  exceedingly  treacherous  and  difficult  to  work  hy 
overhand  stoping.  The  mass  of  the  lode  contains  pyrite,  chalcopy- 
rite,  sphalerite,  and  some  bunches  of  low-grade  galena.  The  gangue 
is  chiefly  quartz,  often  cavernous  and  drusy,  with  a  little  fluorite. 
The  l)est  ore  is  a  light-gray  metallic  mineral  called  "gray  copper"  at 
the  mine,  which,  when  pure,  assays  as  much  as  2,000  ounces  of  silver 
and  25  ounces  of  gold  per  tx)n.  The  gold  always  accompanies  and  is 
proportional  in  amount  to  the  silver.  Chemical  examination  shows 
that  the  so-called  "gray  copper"  is  in  this  case  an  argentiferous  lead 
sulphobisrauthite  containing  almost  no  copper,  prolwbly  the  mineral 
cosalitf*.  Hut  the  present  material  obtainable  (sp.  gr.  7.04  at  30°  C.) 
proves  on  chemical  investigation  to  be  a  mixture  of  the  lead  sulpho- 
bismuthite  with  pyrite  and  some  telluride.  Under  these  circum- 
stances it  was  inadvisable  to  8i)end  time  in  making  a  complete 
quantitative  analysis.  From  his  preliminary  tests,  however.  Dr.  W.  F. 
Hillebraud  has  kindly  supplied  the  following  rough  approximation 
to  the  comiKJsition  of  the  mixture: 

Approximate  composition  of  mixture  front  Barstotr  mine. 


Constituent.  P^Toent.  Constituent.  Percent. 


Pb ,  45.5  Cu  .3 

Bi I  22.5  Fe 3.5 

Ag 6.0  S i  U.1 

Au '  .06  Insol j  1.5-2.0 


The  lead  of  cosalite  is  known  to  ]>e  sometimes  partly  replaced  by 
silver  and  copper.  In  this  particular  case  the  silver  is  evidently 
accompanied  by  some  gold,  which  is  probably  combined  with  tellurium 
and  not  directly  with  the  sulphur  and  bismuth.  The  sulphobismuth- 
ite  is  often  closely  associaU»d  with  chalcopyrite,  which  carries  little 
value.  The  rich  ore  streaks  are  more  or  less  lenticular  in  form  and 
are  usually  separated  from  the  mass  of  the  lode  by  wet  clay  goages. 
The  Ijest  ore  occurs  nearer  the  footwall.     As  the  workings  are  con- 
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fined  within  the  miuss  of  the  lode,  the  relation  of  the  latter  to  the  wall 
reek  eonld  not  be  studied. 

Silver  Ledge  mine. — This  property,  situated  about  half  a  mile  north 
of  Chattanooga,  and  operated  by  the  Ledge  Mining  and  Milling 
Company,  is  worked  through  a  shaft  about  400  feet  in  <lepth,  sunk 
in  the  bed  of  Mineral  Creek.  Most  of  the  work  at  present  is  on  the 
fourth  level,  at  a  depth  of  300  feet,  and  in  the  stopes  immediately 
above  it.  The  workings  are  all  in  rhyolite.  Tliis  rhyolite  forms  a 
considerable  area  extending  to  the  westwaiil  of  the  mine  with  a 
rather  irn?gular  boundary.  Its  eastern  limit,  is  very  close  to  the  mine 
workings.  For  more  detailed  accounts  of  this  rhyolite  mass  the 
reader  is  referred  to  the  forthcoming  work  of  Mr.  Cross.  The  con- 
clusion reached  ]>y  him  at  the  present  writing  is  that  it  represents  an 
area  of  the  Potosi  rhvolite*  which  has  been  faulted  down  into  the 
surrounding  rocks.  If  this  view  is  correct  the  rhyolite  is  limit^^d  in 
depth.  There  are  no  data  now  available  for  even  a  rough  estimate 
of  the  thickness  of  this  rhyolitic  mass,  but  if  mining  be  pushed  deep 
enough  it  will  be  passed  through.  If,  on  the  other  hand,  the  rock  is 
intrusive,  it  may  extend  to  practically  unlimited  depth. 

There  are  certain  features  about  the  rock  itself  which  sustain  Mr. 
Cross's  hypothesis.  It  has  many  of  the  characteristics  of  the  sur- 
ficial  rhyolite  flows  of  the  Potosi  series,  and,  as  far  as  could  be  seen 
in  its  altered  condition  near  the  mine,  has  not  the  crystalline  structure 
that  might  naturally  be  looked  for  in  an  intrusive  mass  of  such  size. 
Moreover,  on  the  400  level  of  the  Silver  Ledge  occur  masses  of  a 
compact,  slightly  pinkish  rock,  which  are  sometimes  fairly  distinct 
from  the  white  altered  rhyolite  and  sometimes  appear  to  grade  into 
it.  This  pinkish  rock  occurs  as  isolated  patches  or  nodules  in  the 
rhyolite,  and  at  one  point  forms  a  considerable  mass,  of  which  the 
bottom  is  not  yet  exposed.  Under  the  microscope  this  rock  shows 
numerous  small  grains  of  (luartz  in  a  very  minutely  crystalline  seri- 
citic  gn)undmass.  It  is,  without  verj"  much  doubt,  a  <levitrified  glassy 
rhyolite  or  rhyolitic  tuflf.  Such  material  could  hardly  occur  in  such 
a  place  if  the  rhyolite  were  intruded.  It  strongly  suggests  volcanic 
or  effusive  conditions.  It  is  even  possible  that  the  appi^arance  of 
this  material  indicates  an  approach  to  th(»  l)(>tt()m  of  the  rhyolitic 
maas. 

The  work  of  Mr.  Cross  has  established  the.  existence  along  the 
eastern  border  of  the  rhyolite  mass  of  a  fault  which,  just  southeast 
of  the  mill,  brings  the  rhyolite  against  andesite  on  the  east.  The 
line  of  this  fault  would  carry  it  not  far  east  of  the  main  shaft,  and  it 
was  thought  that  a  crosscut  which  had  been  driven  100  feet  to  the 
eastward  from  the  400  (3G0  feet)  level  might  be  found  passing  through 
this  fault  fissure  into  andesite.  About  70  feet  east  of  the  shaft  the 
crosscut  does  pass  through  a  strong  gouge-filled    fissure,  but  the 


See  the  Telluride  folio.  No.  57. 


248         ECONOMIC   GEOLOGY  OF    8ILVERT0N   QUADRANGLE.     [bui-l.W1 

rock,  althoui^li  all  much  altered,  shows  no  change  either  in  liand 
specimens  or  under  tlie  microscope.  It  all  appears  to  have  l>een 
originally  rhyolite. 

The  ore,  consisting  of  galena  and  sphalerite,  ocxjurs  replacing  and 
impregnating  the  rhyolite  in  the  vicinit^^  of  two  or  more  fractures, 
which  have  a  general  strike  of  about  X.  27°  E.  and  dip  southeast  at 
a  high  angle.  These  fissures  contain  crushed  country  rock  and  ore, 
and  there  has  evidently  teen  late  movement  along  them  since  the  ore 
WHS  dei>osited.  They  are  probably  merely  a  portion  of  a  pronoun ce<l 
fault  zone,  which  here  follows  the  general  trend  of  the  creek.  The 
ore  IkkI  ies  are  found  by  following  these  fractures,  but  ai*e  not  confined 
within  their  walls.  They  extend  irregularlj^nto  the  rhyolite  for  30 
or  40  feet  to  the  west,  the  low-grade  galena,  associated  with  consider- 
able sphalerite,  sometimes  forming  large  nmsses  wholly  replacing  the 
rhyolite,  but  more  often  impregnating  it  thickly  in  small  nests  and 
isolated  particles.  There  are  no  walls  to  the  ore  bodies,  and  tliey  are 
followed  into  the  rhyolite  until  the  proportion  of  ore  to  gangue 
becomes  too  small  for  profitable  working.  Very  little  ore  has  thus 
far  teen  found  to  the  east  of  the  fissures,  although  the  workings  have 
as  y(»t  revealed  no  change  of  country  rock  in  that  direction. 

The  rhyolite  has  teen  altered  in  connection  with  the  ore  deposition 
to  a  finely  crystalline  mass  of  sericite,  kaolin,  and  quartz  in  varying 
proportions,  serving  as  gangue  for  the  ore. 

The  principal  fractures  of  this  mine  appear  to  te  comparable  to  the 
so-called  ore  break  in  the  Guston  mine.  It  is  ver>'  probable  that  the 
zone  of  fractures  extending  up  Mineral  Creek  and  passing  just  east 
of  Summit  forms  part  of  the  fissuring  found  in  the  Lake  and  National 
Belle  mines  near  Red  Mountain. 

The  ore  nf  the  Silver  Ledge  is  concentrated  in  a  small  mill  run  by 
steam.  It  is  equipped  with  1  Gates  crusher,  2  sets  of  wells,  4  three- 
compartment  jigs,  10  stamps,  and  4  double-deck  and  2  single-deck 
Wilfley  tables.  The  capacity  is  ateut  00  tons  a  day.  The  principal 
output  of  the  mine  is  a  low-grade  galena,  which  is  shipped  in  the  form 
of  concentrates.  A  little  free  gold,  associated  with  a  telluride  sup- 
posed to  be  calHV(»rite,  was  found  on  the  300  level  as  a  thin  skin  on  a 
sliekensided  fracture  surface  in  the  usual  impregnated  rhyolitic  coun- 
try rock.  This  was  the  only  occurrence  of  free  gold  known  in  the 
mim^ 

Th(»  luture  development  of  this  mine  is  likely  to  te  of  gi^eat  interest. 
It  is  evident  that  if  the  interpretation  of  the  rhyolite  as  a  down-faulted 
sheet  or  flow  be  correct,  then  an  entirelv  different  set  of  conditions 
will  ])e  (Micoiintered  when  the  bottom  of  the  rhyolite  is  reached.  In 
all  probability  th(*  ore  deposit  will  l)eeome  a  simple  fissure  vein  or  a 
series  of  i>araUel  veins.  Moreover,  further  exploration  of  the  country 
east  of  the  shaft  may  reveal  ore  bodies  yet  unknown.  The  crosscut 
already  begun  in  this  direction  might  perhaps  be  extended  with 
advantage  until  the  andesitic  rock  of  the  Silvei*ton  series  is  reached. 
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Magnet  mine, — This,  an  old  location,  is  situated  on  the  east  side  of 
Mineral  Creek,  near  Burro  Bridge.  It  produced  a  little  rich  silver  oi-e 
in  the  early  eighties,  but  owes  its  interest  at  present  to  the  occurrence 
of  a  telluride  of  silver,  probably  hessite. 

The  workings  comprise  a  tunnel  about  540  feet  in  length  and  a  few 
superficial  openings.  Tht*  lode  strikes  N.  85°  W.  and  dips  from  00° 
to  80°  to  the  south.  It  is  a  compact  stringer  lode,  in  i)laces  2  feet 
wide,  which  contains  considerable  mineralized  and  altered  andesitic 
bn^ecia,  which  forms  the  country  rock.  The  stringers  are  filled  with 
quartz,  ''frozen"  to  the  walls  and  containing  bunches  of  ore.  A 
radial  structui*e  of  tlie  quartz  is  common  and  vugs  are  numerous. 
Tlie  ore,  consisting  of  argentiferous  galena,  a  silver  telluride  (hess- 
ite?), a  little  free  gold,  sphalerite,  chalcopyrite,  and  pyrite,  occurs 
partly  in  the  quartz  and  partly  i*eplacing  the  included  fragments  of 
breccia.  The  richest  ore,  containing  the  hessite,  is  usually  associated 
with  the  radial  quartz  and  often  occurs  in  the  interstices  between  the 
outer  ends  of  the  crystals.  The  ore  is  unevenly'  distributed  through 
the  lode  and  has  been  found  only  in  small  bunches. 

Brohdigruuj  rlaim. — This  abandoned  prospect  is  of  interest  as  the 
locality  whence  some  zinkenite  was  formerly  obtained,  which  was 
described  and  analyzed  by  Dr.  Hillebrand.'  No  ore  was  visible  in 
1000.  The  country  rock  was  apparently  originally  an  andesite,  but 
is  altered  to  a  white  aggregate  consisting  chiefly  of  quartz  and  barite. 

ZuFti  vtine. — This  mine,  well  known  in  mineralogical  literature  as 
the  source  of  guitermanite  and  zunyite,  is  situated  near  the  summit 
of  Anvil  Mountain,  at  an  elevation  of  al)out  12,000  feet.  The  ore 
body  was  worked  from  the  surface  by  an  open  cut  and  a  shaft  and 
by  two  tunnels.  The  upper  tunnel  branches,  the  two  breasts  being 
150  and  180  feet  in  from  the  surface.  A  second  tunnel,  200  feet  below 
the  upper  one,  is  o-tO  feet  in  length.  There  is  no  connection  between 
these  two  tunnels. 

The  surface  ore  of  the  Zu Hi,  discovered  in  1881,  was  chiefly  massive 
sulphate  of  lead  (anglesite)  containing  abundant  small  tetrahedral 
crystals  of  unaltered  zunyite.  This  soon  change<l  to  unoxidized 
guitermanite  in  characteristic  association  with  zunyite.  This  was  the 
chief  ore  of  the  upper  tunnel,  and  occurred  in  a  mass  about  00  feet 
long  and  15  feet  wide.  Below  the  tunnel  level  this  bisinuthiferous 
lead  ore  decreased  in  width  to  about  0  f(»et  and  changed  gradually  to 
a  copper  on*,  consisting  chiefly  of  enargite,  with  pyrite,  kaolin,  and 
a  little  barite.  The  enargite  carried  al)out  210  ounces  of  silver  and 
40  per  cent  of  copper.  In  the  lower  tunnel  the  ore  body,  about  40 
feet  long  and  12  feet  wide,  is  a  soft  mass  of  kaolin  and  embedded 
pyrite,  with  nests  of  enargite.  The  i)yrite  o(»curs  chiefly  in  octa- 
hedra  and  is  said  to  carry  a  very  little  gold.  The  ore  at  this  depth  con- 
tains many  fragments  of  the  immediate  country  rock,  a  much  altered 
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An  abundant  flow  of  water  issues  from  the  main  tunnel,  and  proved 
troublesome  when  the  mine  was  being  worked  on  account  of  the 
rapidity  with  which  it  corroded  rails  and  pipes. 

The  North  Star  mill,  erected  about  1890,  is  equippe<l  with  2  Blake 
crushers,  I]  sets  of  rolls,  S  three-compartment  jigs,  2  four-compartment 
jigs,  20  stamps,  and  '^  Wo<Klbury  tables.  The  power  is  water.  This 
plant  was  running  in  1899  as  a  custom  mill. 

Belcher  mine. — This  mine,  now  abandoned,  is  situated  in  the  high 
basin  opcMiing  to  the  northeast  on  the  northeast  side  of  Sultan  Moun- 
tain, the  principal  adit  being  at  an  elevation  of  about  11,250  feet. 
It  was  l<K*ated  in  1870,  yielded  over  300  tons  of  ore  in  1881,  and  in 
1S82  had  become  a  steady  producer.  In  1883  thei'e  were  three  levels 
o|xMied  by  tunnels,  and  a  pro<luct  of  1,700  tons  of  ore  is  recorded, 
av(Maging  38  ounces  of  silver  and  40  per  cent  of  lead.  The  outputs 
for  the  years  1883,  1884,  1890,  1891,  and  1892,  as  given  in  the  Mint 
rei)()rts,  were §85,000,  |5l3,500,  |;8,4G7,  |;34,995and  %()3,510,  respectively. 
The  Belcher  lode  is  in  monzonite,  and  is  said  to  be  veiy  similar  to  the 
North  Star  lode  and  to  have  nearly  the  same  strike  an<l  dip.  The 
workings  were  wholly  inac<»es8ible  in  1899,  and  no  observations  could 
Ik»  made  on  the  Icxle  itself.  According  to  Mr.  W.  H.  Thomas,  at  one 
time  i)art  owner  of  the  mine,  the  galena  ore  was  less  abundant  in  the 
lowci'  lev<»ls,  its  place  being  largely  taken  by  sphalerite.  Ac<H>rding 
to  anothei*  former  owner,  the  lode  was  practicall}'  worked  out  down  to 
tht»  t  unnel  level,  and  there  is  no  reason  to  suppose  the  good  ore  to  l)e 
any  h»ss  abundant  below  the  bottom  workings. 

Fragments  of  ore  seen  on  the  dump  of  the  lowest  tunnel  showed 
gal(*na,  sphalerite,  pyrite,  chalcopyrite,  and  tetrahedrite  in  a  gangue 
of  quartz  and  barite  with  some  calcite.  The  ore  was  sorted,  sacked, 
and  carried  on  burros  down  a  steep  trail  to  Silverton. 

Empire  (/roup. — Through  the  present  Empire  tunnel  it  is  intended 
to  work  a  group  of  claims  on  the  northeast  slope  of  Sultan  Mountain, 
overlooking  Silverton  and  Bakei-s  Park.  The  more  important  of 
thesi*  claims  are  the  Empire,  Little  Dora,  Victoria,  Jennie  Parker, 
Ajax,  and  Hercules.  They  cover  portions  of  three  important  lodes, 
which  are  only  roughly  parallel  and  which  have  a  general  tiend  of 
about  N.  20  VV.  The  Jennie  Parker  and  Hercules  are  supposed  to 
form  a  continuation  of  the  North  Star  Imle. 

The  Empire  and  Jennie  Parkier  were  worked  at  a  very  early  date  by 
Melville  <t  Summerfield,  who  in  ]87f)  had  a  shaft  50  feet  deep  on  the 
Empire  lode  and  were  erecting  reduction  works  near  the  Animas 
River.  The}^  were  apparently  not  successful,  and  the  mine  was  idle 
for  some  y<»ars.  In  ]SS2  the  Little  Dora  lode,  which  in  1881  was 
shipping  ore  from  a  shaft,  was  struck  in  an  upper  tunnel.  This  is  a 
clean-cut  fissure  vein,  usually  about  2  feet  wide,  and,  although  small, 
has  produced  a  fair  amcint  of  ore.  The  Empire  at  this  time  was 
opened  by  a  shaft  125  feet  deep  and  is  said  to  have  had  about  18 
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inches  of  excellent  ore,  largely  tetrahedrit4%  wliich  averageil  KH) 
ounces  of  silver  and  10  j:>er  cent  of  copper.  In  1883  the  Ajax  and 
Vi(»toria  were  being  develox)ed  by  tunnels.  None  of  thes<»  lodes  has 
til  us  far  been  worked  on  an  extensive  scale. 

They  are  all  simple,  nearly  vertical  fissure  veins  in  monzonite. 
The  ore  is  mineralogically  similar  to  that  found  in  the  North  Star  lode, 
viz,  galena,  sphalerite,  tetrahedrite,  chalcopyrite,  and  ])yrite,  in  a 
gangue  consisting  chiefly  of  quartz  with  some  barite.  With  the  i)re- 
vaili ng  price  of  silver,  the  ore  is,  as  a  whole,  low  grade. 

The  Empire  tunnel  enters  the  mountain  about  150  feet  alKive  the 
ImhI  of  Mineral  Creek,  and  has  a  straight  course  of  S.  :J5°  W.  It  cuts 
the  Little  Dora  vein  about  1,230  feet  from  the  tunnel  mouth.  About 
!»00  feet  farther  in  it  passers  through  a  fissure  about  10  feet  wide, 
filled  with  crushe<l  rock  and  gouge,  but  containing  no  ore.  This  is 
probabhi  the  Jennie  Parker- Hercules  lode,  whi(»h  it  was  exi)ected  to 
cut  about  800  feet  beyond  the  Little  Dora.  The  tunnel  was  150  feet 
beyond  the  large  fissure  in  August,  IIKH),  and  still  driving  on  in  solid 
monzonite.  An  upper  tunnel,  208  feet  vertically  above  and  al)out. 
4(X)  feet  west  of  the  Empire  tunnel,  formerly  known  as  the  Montezuma 
and  used  to  work  tlie  little  Dora,  has  been  relocated  as  the  Boston 
tunnel  and  extended  through  to  the  Hercules  lode,  liere  foun<l  to  be 
a  strong  vein  up  to  10  feet  wide,  dipping  to  the  southeast  at  about  Xo'^. 
It  showed  evidence  of  post-mineral  movement  ahmg  the  fissure,  par- 
ticularly along  the  foot  wall.  Tlie  Empire-Victoria  vein,  as  drifted  on 
from  the  Boston  tunnel,  is  fairly  regular  and  shows  a  width  up  to  7 
feet.  Its  dip  is  somewhat  variable — in  places  as  h)w  as  (Jo'  to  the 
southwest.  Hiibnerite,  associate<l  with  fluorite,  occurs  as  crystalline 
streaks  an<l  bunches  next  the  hanging  wall,  and  usually  surrounded 
by  soft  gouge.     It  is  probably  of  later  formation  than  tlie  ore. 

On  account  of  the  very  favorable  location  of  the  Empire  tunnt»l  it 
is  expected  that  ore  considerably  below  what  is  commonly  regarded 
as  th(»  lowest  grade  for  profitable  working  in  this  region  can  be  here 
successfully  handled. 

Other  initie.s  and  pro.spcris. — T\w  Fairview  is  a  prospect  a  little 
more  than  a  mile  south  of  Silvinlon,  at  th<^  contact  betw(^en  the  intru- 
sive monzonite  stock  of  Sultan  Mountain  and  th(»  Algonkian  s(»hists 
and  overlying  limestone.  The  proi)erty  in<*lud(\s  a  nearly  north-and- 
south  vein,  carrying  oi*e  mineralogically  similar  to  that  of  the  Hercules 
lode.  The  Devonian  limestone  also,  near  the  monzonite,  lias  been 
mineralized  and  carries  particles  of  native  silver.  Arg(»ntite  is  also 
reported.  Two  tunnels,  one  200 and  the  ot her  (iOO  feet  in  length,  have 
been  run,  but  th(»re  is  not  enough  development  to  allow  satisfactory 
study  of  the  deposit. 

Th(^  King  lode  is  a  quartz  vein  in  Algonkian  schists  in  C'alai-act 
(ttuIcIi,  and  outcrops  just  below  the  basal  conglomerate  (Cambrian?) 
wliich  underlies  the  Devonian  limestone  and    rests  unconfornmbly 
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upon  the  edges  of  the  schists.  The  strike  of  the  vein  is  N.  6**  W.,  and 
it  dips  westerly  at  78°.  It  varies  in  width  from  18  inches  to  4  feet, 
and  is  destitute  of  gouge.  The  inclosing  schists  strike  N.  85°  E.,  and 
their  planes  of  schistosity  stand  nearly  vertical.  The  vein  thus  crosses 
the  Hchistosity  nearly  at  right  angles.  No  offsetting  of  the  schists 
could  be  det^ct^d  on  opposite  sides  of  the  fissure.  The  King  lode  is 
faulted  by  a  small  vein  dipping  south  about  «50°,  and  the  northern  por- 
tion  of  the  lode  is  thrown  about  12  feet  to  the  west. 

The  ore  of  the  King  lode  consists  of  galena,  gray  copper  (probably 
tennantite),  and  chalcopyrite,  with  some  sphalerite  and  pyrite,  in  a 
quartz  gangue.  It  carries  about  0. 1  ounce  of  gold,  55  ounces  of  silver, 
and  15  per  cent  of  lead. 

Close  to  the  King  lode  is  a  deposit  of  chalcopyrite,  which  occurs  at 
the  contact  between  the  limestone  and  the  underlying  quartzite. 
This  deposit  is  apparently  directly  connected  with  a  fissure  of  rather 
flat  southerly  dip,  which  traverses  both  quartzite  and  limestone. 

The  Moles  mine,  now  abandoned,  is  on  a  nearly  vertical  fissure 
vein,  about  2  feet  wide,  in  limestone,  chert,  and  shales  of  Devonian 
age.     The  vein  strikes  N.  72°  W.,  and  occupies  a  fault  fissure. 

MINES  OF  CEMENT  CREEK. 

Generah — The  ore  deposits  of  Cement  Creek  occur  in  lodes,  which 
in  Ross  Basin  attain  great  prominence.  The  ores  are  prev^ailingly 
low  grade,  carrying  silver  and  lead,  or,  as  in  the  case  of  the  Gold 
King  mine,  a  large  proportion  of  gold.  The  occurrence  of  hiibnerite, 
although  it  is  not  at  present  worked  on  a  commercial  scale,  lends 
a<lditional  interest  to  the  ore  deposits  of  this  portion  of  the  quad- 
rangle. A  few  of  the  mines  within  the  Cement  Creek  drainage  have 
been  described  in  connection  with  adjacent  portions  of  the  region, 
for,  as  elsewhere  pointed  out,  the  geographical  grouping  of  the  ore 
deposits  of  the  quadrangle  has  no  necessary  significance  beyond  con- 
venience of  description,  and  is  accordingly  not  rigidly  adhered  to 
when  other  courses  seem  desirable. 

Gold  King  mine. — This  proi)erty,  with  which  are  included  the 
Sampson  an<l  American  mines,  now  under  the  same  ownerehip,  is  by 
far  the  most  important  mine  of  the  Cement  Creek  district.  It  lies  on 
the  western  slope  of  Bonita  Peak,  with  the  present  main  adit  tunnel 
at  about  12,500  feet  elevation.  Two  lodes  are  worked,  termed, 
respectively,  the  Davis  and  Gold  King.  Both  have  a  general  north- 
east course,  and  on  the  main  level  are  about  70  feet  apart.  The  Gold 
King  lode,  which  is  the  northwesterly  one,  dips  southeast  at  about 
75''  on  the  main  level.  The  dip  of  the  Davis  is  to  the  northwest,  but 
nearly  vertical.  In  the  lower  level,  107  feet  below  the  adit,  these 
lodes  are  closer  together.  Botli  are  strong,  typical  stringer  lodes  with- 
out any  goug(».  So  little  have  they  been  disturbed  by  post-mineral 
movements  that  there  is  practically  no  water  in  the  mine.     The  ore 


RAN90ME.]  MINE8   OF   CEMENT   CREEK.  255 

is  a  network  of  irregular  stringers,  inclosing  much  mineralized  ande- 
sitic  country  rock.  Distinct  walls  are  lacking,  and  the  ore  is  taken 
out  to  a  width  determined  by  its  value.  This  is  sometimes  over  30 
feet. 

The  Gold  King  lode  is  particularly  irregular,  and  its  character  led 
almost  inevitably  to  the  litigation  between  the  Gold  King  and  Samp- 
son companies,  which  was  wisely  settled  by  the  purchase  of  the  latter 
by  the  former. 

It  shows  a  marked  tendency  to  split,  inclosing  large,  irregular  horses 
of  the  country  rock,  and  dividing  locally  into  two  or  more  apparently 
distinct  lodes  of  varying  dips  and  strikes.  It  thus,  with  our  present 
mining  laws  in  force,  opened  unending  possibilities  of  contention,  so 
long  as  the  two  mines  were  under  separate  ownenship.  One  of  the 
most  remarkable  instances  of  this  tendency  seems  to  be  developing 
on  the  main  Gold  King  level,  about  400  feet  west  of  the  adit  cross- 
cut. Here  a  large,  flat  body  of  ore,  continuous  with  the  ore  of  the 
main  Gold  King  lode,  has  been  followed  out  for  30  or  40  feet  to 
the  northwest  with  a  very  gentle  northwest  dip.  This  ore  apparently 
rests  upon  tlie  top  of  a  large  horse,  as  in  the  northern  part  of  the 
stope  the  dip  of  the  ore  is  now  found  to  be  suddenly  increasing. 
Possibly  a  still  more  striking  case  is  the  relation  between  the  Gold 
King  and  Davis  lodes.  It  seems  very  probable  that  these  are  not  dis- 
tinct, but  merely  brandies  of  a  very  large,  irregular  stringer  lead 
separated  by  a  large  horse  of  country  rock,  in  which  case  they  may 
be  expected  to  come  together  in  dip  and  strike. 

At  the  i>oint  where  it  is  reached  by  the  adit  crosscut  (which  runs 
nearly  north)  the  Gold  King  lode  is  faulted  by  the  so-called  **Red 
vein,"  which  has  a  northwesterly  course  and  dips  northeast  about 
75^.  The  horizontal  displacement  is  about  30  feet,  the  northeast  por- 
tion of  the  Gold  King  being  thrown  to  the  northwest.  A  supposed 
**bend"  in  the  Gold  King  lode  on  the  level  bi4ow  is  almost  certainly 
the  same  fault.  The  Red  vein  contains  rhodonite  (hence  its  name), 
which  is  not  found  in  the  Gold  King  and  Davis  lodes.  It  contains  no 
ore  of  value,  as  far  as  known. 

The  characteristic  ore  of  the  Gold  King  and  Davis  lodes  consists  of 
white  quartz  with  abundant  pyrite,  often  showing  bandiug  by  disposi- 
tion. The'pyrite,  when  massive  and  nearly  free  from  ([uartz,  is  of 
little  value  in  the  Gold  King  lode,  but  carries  gold  in  the  Davis  lode. 
The  best  ore  always  contains  quartz,  which  may  occasionally  show 
some  free  gold.  Galena,  usually  fine  granular,  occui^s  in  bunches, 
being  more  abundant  in  some  portions  of  the  lodes  than  in  others. 
As  a  whole,  the  ore  is  low  grade,  and  probably  no  mine  in  the  quad- 
rangle can  set  as  small  nether  value  for  workable  ore. 

Extensive  preparations  are  being  made  for  the  future  working  of 
this  property.  The  American  tunnel  cuts  what  is  thought  to  l>e  the 
same  lode  at  a  vertical  distance  of  several  hundred  feet  below  the 
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present  adit;  while  a  second  tunnel,  about  700  feet  in  len^h  in  Sep- 
temlHT,  1900,  is  l)eing  driven  from  the  mill  at  Gladstone.  This  will 
eventually  tap  the  lode  about  1,500  feet  below  the  present  workings. 

The  oi'e  is  carried  down  to  the  mill  at  Gladstone  on  a  well-built 
Bleichert  wire-rope  tramway,  running  from  300  to  400  buckets  of  700 
or  8(X)  pounds  i)er  day.  A  second  tramway  is  l»eing  built  to  the  Amer- 
ican tunnel.  The  mill  is  equipped  with  a  Gates  crusher,  80  stamps, 
and  40  Frue  vanners.  Power  is  supplied  by  a  250-hor8epower  West- 
inghouse  engine.  The  free  gold  is  amalgamated,  but  the  bulk  of  the 
product  is  in  the  concentrates,  which  are  shipped  to  the  smelter.  The 
owners  of  the  Gold  King  built  and  control  the  narrow-gauge  railway 
from  Silverlon  to  Gladstone. 

Tungsfen  ore  deposits, — The  Adams  claim,  which  has  for  several 
years  furnished  cabinet  specimens  of  the  tungstate  hiibnerite,  lies  on 
the  western  sloiie  of  Bonita  Peak  at  an  elevation  of  about  11,300  feet. 
The  liiibnerite  occurs  in  a  lode  which  strikes  N.  10°  E.  and  dips  east 
about  85 '.  In  tlie  main  it  is  a  sheeted  zone  3  or  4  feet  wide,  in  altered 
andesite  of  the  Silverton  series,  the  fissures  being  filled  with  quartz 
and  fluoi'ite.  The  individual  stringers  or  veinlets  of  the  lode  are 
rarely  more  than  6  inches  wide  and  are  atlherent  or  "frozen"  t^)  the 
walls.  Tlie  liiibnerite  does  not  occur  in  all  portions  of  the  lode,  but 
in  isolate<l  and  ii'regular  bunches,  streaks,  or  nests  of  bronze-brown 
radial  (;iystals  embedded  in  quartz  and  fluorite.  The  development  of 
this  deposit  is  very  sup<M"ficial,  consisting  of  a  short  tunnel  and  some 
open  cuts,  and  the  tungsten  ore  has  never  l)een  worked  on  a  ex>nimer- 
cial  scale.  The  prosjx^ct  was  evidently  oiwned  in  search  of  otlier  ore, 
as  the  liiibnerite  has  been  thrown  with  the  waste  on  the  dump. 

In  Dry  ( juleh  hiibnerite  o(»cui*8  in  a  strong  lode,  on  which  have  l^een 
located  the  Dawn  of  Day,  Sunshine,  and  Minnesota  claims.  This 
lode  has  a  course  of  about  S.  (K)""  E.  and  dips  southwest  at  i^b^.  Sev- 
eral prospc^etiiig  openings  have  been  ma<le  on  it  on  the  south  side  of 
the  gulch.  One  of  these  shows  a  solid  vein  of  quartz  3  or  4  feet  wide 
in  Silvei'ton  andesite.  The  hiibnerite  occurs  in  the  quartz  in  tw^o  or 
three  small  streaks,  from  I  to  3  inches  wide,  and  in  small  isolateil 
bunches.     The  crystals  are  smaller  than  those  in  the  Adams  lode. 

Owing  to  its  weight  (sp.  gr.,  7.2)  and  its  occurrence  in  otherwise 
nearly  barren  (luartz  and  fluorite,  the  hiibnerite  of  Cement  Creek  can 
be  readily  and  cleanl}'  <?oncentrat(*d.  Some  5  tons  of  concentrat-es 
hav<»  lK»eii  produced  from  the  Dry  Gulch  claims;  but. whether  the 
material  oc(»urs  in  sufficient  abundance  and  in  sufficiently  continuous 
bodies  to  pay  for  mining  is  a  question  not  yet  decided. 

In  its  occurrence  the  hiibnerite  is  purely  a  vein  mineral,  occurring 
in  a  (luartz  or  quartz  and  fluorite  pangue,  as  do  galena,  pyrite,  and 
other  on*  minerals  of  the  region. 

Red  and  Boniki  tnine, — The  adit  tunnel  of  this  mine  runs  in  an 
easterly  direction  into  Bonita  Mountain,  from  a  jwint  about  100  feet 
above  Cement  Creek.     About  3,000  feet  of  work  has  been  done  from 
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tliia  tunnel,  but  the  ore  could  not  be  made  to  pay  and  the  attempt 
was  abandoned.  The  workin^js  are  no  longer  accessible  and  the  lode 
was  not  seen.  The  Red  and  Honita  mill  is  equipped  with  Gates 
crusher,  2  sets  of  rolls,  jijrs,  10  stamps,  and  4  Frue  vanners. 

Queen  Anne  mine, — Tliis  is  near  the  mouth  of  Ross  Basin,  on  a  lode 
which  here  consists  of  two  or  more  parallel  veins  close  together.  The 
one  worked  in  the  Queen  Anne  strikes  N.  50°  E.  and  dips  northwest  at 
85°.  It  consists  of  solid  banded  quartz  and  bismuthiferous  galena  ore 
up  to  2  feet  wide,  "  frozen"  to  the  walls.  Toward  the  southwest  the 
vein  pinches  and  carries  a  little  gouge.  It  could  not  be  traced  on  the 
surface  beyond  a  large  northwest-southeast  lode  which  passes  up  into 
Ross  Basin. 

Colurnhia  mine, — This,  one  of  the  oldest  mines  of  the  quadrangle, 
lies  just  northeast  of  the  Queen  Anne  and  is  apparently  on  the  same 
lode.  It  has  been  an  intermittent  producer  of  argentiferous  galena 
ore  on  a  small  scale. 

Ross  Basin  lodes. — There  is  at  present  no  mine  in  operation  in 
Ross  Basin,  and  none  of  the  developments  have  thus  far  passed  beyond 
the  prospecting  stage,  but  the  basin  is  traversed  by  several  lodes  of 
unusual  size  with  well-exposed  croppings.  The  most  prominent  one 
has  a  nearly  northwest  course  and  dips  southwest  at  80°.  It  outcrops 
Iwldly  along  the  northeast  side  of  the  basin,  especially  near  the  head 
ot  the  latter,  where  it  passes  over  the  ridge  into  Sunnyside  Basin  and 
is  apparently  the  same  as  the  George  Washington  lode.  Toward  the 
northwest  it  continues  probably  into  Grey  Copper  Gulch.  Some  ore, 
resembling  in  mineralogical  character  that  found  in  Sunnyside  Basin, 
but  apparently  in  irregular  bunches,  occurs  in  this  huge  lode,  which 
is  often  over  50  feet  wide.  Several  other  lodes  with  nearly  northeast 
courses  come  into  the  main  lode  from  the  southwest,  but  can  not  as  a 
rule  be  traced  on  the  surface  to  the  northeast.  The  lodes  shown  on 
the  map  are  only  a  few  of  those  which  traverse  the  floor  of  the  basin 
in  various  directions,  although  most  of  them  have  a  northeast  trend. 
They  are  not  all  of  great  length,  for  one  vein  often  stops  short  at  the 
junction  with  a  second  vein  of  different  course.  In  one  case  two  well- 
exposed,  strong  quartz  veins,  one  striking  southwest  and  the  other  S. 
80°  W.,come  together  in  a  massive  cropping  of  quartz,  beyond  which 
there  is  no  surficial  sign  of  the  continuation  of  either  lode.  Distinct 
evidence  of  one  lixle  faulting  another  could  not  be  obtained.  They 
are  apparently  all  of  substantially  the  same  age.  The  fissure  fillings 
are  usually  solid  white  quartz  \\ith  a  little  rhodonite  and  bunches  of 
low-grade  ore.  In  some  cases  the  lodes  contain  numerous  fragments 
of  altered  mineralized  country  rock. 

Henrietta  mine. — This  property,  in  Prospect  Gulch,  is  on  a  lode 
striking  S.  40°  W.  and  dipping  northwest  at  05°.  Three  tunnels  on 
the  south  side  of  the  gulch  give  access  to  the  workings,  while  a  fourth 
tunnel,  destined  to  be  the  future  main  adit,  is  being  driven  to  the 
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westward  to  intersect  the  lode  from  a  point  about  150  feet  a]>ove  the 
qottom  of  the  gulch.  All  the  workings  are  in  andesitic  rocks,  chiefly 
breccias,  of  the  Silverton  series.  The  ore  occurs  in  a  brecciat«d  zone 
which  is  usually  from  3  to  5  feet  wide.  The  hanging  and  foot  walls 
are  well  defined  by  planes  of  recent  slipping,  that  on  the  hanging 
wall  being  especially  regular  and  continuous.  These  slip  planes  usu- 
ally contain  a  little  soft  gouge.  Between  these  walls  the  ore  occurs 
in  stringers  and  bunches,  partly  replacing  the  shattered  country  rock 
included  within  the  breccia  zone.  It  consists  of  pyrite  and  chalcopy- 
rite  and  occasionally  a  little  galena.  Pyrite  is  very  abundant,  occur 
ring  in  solid  masses,  which,  however,  are  not  mined  unless  they  contain 
chalcopyrite.  Next  the  hanging  wall  there  is  a  persistent  seam,  some- 
times a  foot  in  width,  which  consists  of  crushed  country  rock  with 
sometimes  a  little  white  quartz.  This  portion  of  the  lode  is  worthless, 
althou||h  a  little  sphalerite  and  tetrahedrite  are  said  to  occur  in  the 
quartz.  No  quartz  was  seen  with  the  pay  ore.  The  lode  is  not  every- 
where productive.  There  are  frequent  barren  intervals,  where  the 
space  between  the  walls  is  filled  with  broken  and  altered  country  rock 
impregnated  with  pyrite.  The  wall  rock  is  impregnated  with  pyrite 
for  at  least  150  feet  from  the  lode,  but  no  ore  is  mined  outside  of  the 
walls  of  the  fissure. 

The  ore  is  low  grade  as  a  whole,  containing  from  0.  05  to  0. 1  ounce 
of  gold  and  12  to  30  ounces  of  silver  per  ton,  with  up  to  30  per  cent 
of  copper.  In  1900  the  mine  was  reopened  after  some  years  of  idle- 
ness, and  it  was  proposed 'to  treat  the  ore  in  a  new  smelter  then  near- 
ing  completion  at  the  point  where  Cement  Creek  enters  Bakers  Park. 

The  lowest  tunnel,  which  in  September,  1900,  had  a  length  of  about 
550  feet  and  had  not  yet  cut  the  lode,  exhibits  well  the  rather  remark- 
able mineralization  of  the  Silverton  breccias  in  this  vicinity.  All  the 
rock  passed  through  is  heavily  impregnated  with  fine  pyrite  and  fre- 
quently contains  small  sporadic  bunches  and  stringers  of  galena  and 
sphalerite.  In  some  places  the  andesitic  breccia  has  been  locally 
silieified. 

The  Henrietta  lode  is  of  theoretic  interest  from  the  fact  that  the 
ore,  in  its  freedom  from  quartz,  presence  of  kaolin,  and  partial  replace- 
ment of  country  rock,  as  well  as  in  mineralogical  character,  is  similar 
to  the  ores  occurring  in  the  stock  deposits  of  Red  Mountain.  At  the 
Henrietta,  however,  it  is  found,  not  in  stock,  but  in  a  distinct  fissure. 

Other  mines  and  prosiyecfs. — From  Prospect  Gulch  southward  to 
Silverton  are  many  prospects  along  Cement  Creek  and  in  the  side 
gulches.  None  of  them  are  yet  of  much  importance  and  not  all  were 
visited.  The  most  ambitious  of  these  is  the  Yukon  tunnel  of  the 
Boston  and  Silverton  Mining  Company.  No  ore  has  yet  been  pro- 
duced, but  the  tunnel  is  supplied  with  a  new  mill  equipped  with 
Blake  crusher,  rolls,  jigs,  10  stamps,  2  Wilfiey  tables,  and  4  Frue 
vanners.     The  power  is  steam. 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Washuigfon^  D.  C,  Jime  11,  1901, 

Sir:  I  have  the  honor  to  transmit  herewith,  for  publication  as  a 

bulletin,  a  gazetteer  of  Porto  Rieo.     The  place  names  here  given  are 

derived  mainly  from  the  report  of  the  recent  census  of  the  island  and 

from  the  War  Department  map,  on  the  scale  of  1:150,000. 

It  is  my  belief  that  the  publication  of  this  bulletin  will  go  far  toward 

preventing  conflicts  in  the  spelling  of  these  place  names. 

Very  respectfully, 

Henry  Gannett, 

Oeographer, 
Hon.  Charles  D.  Walcott, 

Direcior  U.  S,  Oeologiccd  Survey, 
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A  GAZETTEER  OF  PORTO  RICO. 


By  Henry  Gannett. 


IISTRODUOTION. 

Porto  Rico  is  the  fourth  in  size  of  the  West  Indian  Islands,  being 
exceeded  by  Cuba,  Haiti,  and  Jamaica.  Its  area,  as  measured  from 
the  best  map  available — that  issued  in  1899  by  the  War  Department, 
on  a  scale  of  1 :  150,000 — is  3,f)00  square  miles.  There  is,  however, 
much  uncertainty  concerning  the  accuracy  of  these  figures,  as  the 
coast  line  of  the  island  hiis  never  been  carefully  surveyed.  It  lies 
east  of  Haiti,  between  latitudes  17°  50'  and  18°  30'  N.,  and  between 
longitudes  65°  30'  and  G7°  15'  W. 

Under  the  jurisdiction  of  Porto  Rico,  as  a  colony  of  Spain  and  sub- 
se(iuently  as  a  d(?i>endency  of  the  United  States,  are  included,  besides 
the  island  of  Porto  Rico,  the  small  islands  Vieques  and  Culebra  to 
the  east  and  Mona  to  the  west,  as  well  as  a  number  of  islets  adjacent 
to  the  coast. 

The  Indian  name  of  the  island  was  Borinquen.  The  name  Porto 
Rico  is  a  corruption  of  tlie  proper  name  Puerto  Rico,  and  is  the  form 
which  has  been  in  common  use  for  centuries  among  English-speaking 
nations;  the  form  Puerto  Rico  (rich  harbor)  being  that  in  use  by  the 
residents  of  the  island,  by  all  Spanish-speaking  peoples,  and  generally 
by  other  nations.  The  United  States  Board  on  Geographic  Names, 
pursuing  its  principle  of  following  local  usage,  adopted  this  form 
several  years  ago.  Since  the  acquisition  of  the  island  by  the  United 
States,  usage,  even  in  the  publications  of  the  United  States  Govern- 
ment, became  divided,  some  of  them  following  the  above  decision, 
others  using  the  form  Porto  Rico.  In  this  condition  of  affairs,  the 
Board  appealed  to  the  President  of  the  United  States  for  a  decision, 
and  the  President  decided  in  favor  of  Puerto  Rico.  Subsequently, 
however,  in  the  Foraker  bill  for  the  government  of  Porto  Rico,  a 
clause  was  incorporated  providing  that  the  name  be  Porto  Rico.  This 
bill,  agreed  to  by  both  Houses  of  Congress  and  signed  by  the  Presi- 
dent, became  law,  and  thus  established  the  spelling  of  the  name. 

Porto  Rico  is  roughly  rectangular  in  shape,  with  a  length  from  east 
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to  west  of  about  100  miles  and  a  bi^eadth  of  Hlx)ut  35  miles.  Its  coast 
line  is  simple,  with  few  good  harbora,  that  of  San  Juan,  the  capital, 
on  the  north  coast,  being  the  best.  The  island  is  traversed  through  its 
length  by  a  range  of  hills,  which,  starting  at  the  northwest  corner, 
swings  in  a  broad  curve  southeast,  then  east,  and  finally  northeast  to 
the  northeast  corner.  This  range  forms  the  main  watershed  of  the 
island,  and  throughout  most  of  its  extent  lies  south  of  the  middle  of 
the  island,  giving  longer  courses,  gentler  slopes,  and  greater  drainage 
basins  to  the  northward-flowing  streams,  those  flowing  south  having 
steep  descents  and  short  courses.  These  hills  range  in  height  from 
2,000  feet  in  the  gaps  to  3,800  feet  on  the  highest  summits,  the  most  ele- 
vated point  in  the  island  l)eing  El  Yunque,  at  the  northeast  extremity 
of  the  range.  These  liilLs  have  considerable  breadth,  and  within  them 
the  streams  have  cut  deep  valleys,  giving  to  most  of  the  island  a  st-eep, 
hilly  surface.  The  coasts  are  in  most  parts  bordered  by  broad  extents 
of  low,  level  lands. 

None  of  the  streams  are  navigable  except  for  a  mile  or  two  near 
their  mouths,  whei'e  they  are,  in  eifect,  estuaries. 

Most  of  the  area  of  Porto  Rico  has  for  centuries  been  divicled  into 
farms,  and  more  than  one-fifth  of  the  island  is  under  cultivation; 
hence  the  forested  areas  are  few  and  small  and  of  little  importance. 
Timber  is  very  scarce  and  most  of  that  used  in  building  is  imported. 

Lying  within  the  Tropics,  Porto  Rico  is  within  the  region  of  the 
northeast  trade  winds.  The  annual  temperature  at  San  Juan,  on  the 
north  coast,  ranges  from  78"  to  82°.  The  range  of  monthly  tempera- 
ture is  from  75°  in  January  to  82°  in  August,  while  the  maximum 
temperature  on  record  is  99°  and  the  minimum  is  57°,  indicating  a 
very  uniform  climate.  On  the  hills  of  the  interior  the  temperature  is, 
of  course,  lower.  The  annual  rainfall  at  San  Juan  is  60  inches,  and 
on  the  northeast  coast  is  greater,  reaching  100  inches,  while  in  the 
southern  part  of  the  island  it  is  much  less,  so  much  so  that  in  some 
localities  irrigation  is  necessary  for  the  cultivation  of  crops. 

Porto  Rico  is  divided,  for  governmental  purposes,  into  7  depart- 
ment and  09  municipal  districts  or  tennifios  municipales.  These  in 
turn  are  subdivided  into  barrios. 

Discovered  by  Columbus  in  1493  and  visited  frequently  in  succeed- 
ing years,  the  island  was  not  colonized  by  the  Spaniards  until  1509,  when 
San  Juan,  at  first  called  Caprera  and  later  Puerto  Rico,  was  founded 
and  possession  was  taken  of  the  entire  island.  In  1597  it  was  captui'ed 
by  the  English,  who,  however,  soon  withdrew,  and  from  that  time 
until  possession  was  taken  by  this  country  in  1898  Spain  has  held  the 
island,  althougli  several  attempts  have  been  made  upon  it  by  the 
forces  of  various  countries.  During  all  this  period  Porto  Rico  has 
been  free  from  internal  dissensions,  such  as  have  repeatedly  wasted 
the  neighboring  island  of  Cuba. 
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The  population  of  Porto  Rico  in  1899  wa.4  little  short  of  a  million — 
953,243.     The  following  table  gives  the  population  at  various  periods: 


Year. 

Population. 

Rate  of  in- 
crease per 
decade. 

1765 

1775 

44,883 
70,250 
155,426 
220,892 
830,051 
447, 914 
583,308 
731,648 
798,565 
958,243 

Per  cent. 
57 

1800. 

1815- 

1832 

37 
26 
27 

1846 ,. 

1860 

24 
21 

1877 

14 

1889 

09 

1899... 

16 

Tlie  density  of  population,  or  the  number  of  inhabitants  to  a  square 
mile,  was  in  1899,  264.  The  island  is  very  thickly  populated,  especially 
when  one  considers  that  nearly  all  the  population  is  rural.  Few  of 
the  States  of  this  country  are  as  densely  populated. 

The  following  table  gives  the  area,  population,  and  density,  by 
departments,  in  1899. 


Departments. 


Aqnadilla . 
Arecibo . . . 
Bayaiuon  . 
Guayama . 
Huinacao  . 
Mayaguez. 
Ponce 


Population.  ^X^-l 


99,645 
162, 308 
160, 046 
111,986 

88,501 
127, 566 
208,191 


415 
261 
295 
200 
214 
813 
247 


The  urban  population  forms  but  a  small  element,  there  being  but 
four  cities  of  more  than  8,000  inhabitants  each — San  Juan,  the  capi- 
tal, with  82,048;  Ponce,  on  the  south  coast,  27,952;  Mayaguez,  on  the 
west  coast,  15,187,  and  Arecibo,  8,008.  These  cities  had  a  combined 
population  of  83,195,  or  only  8.7  per  cent  of  the  totAl  population. 

In  respect  to  sex,  females  outnumbered  males  by  8,721  only,  the 
proportions  being  49.5  per  cent  males  and  50.5  per  cent  females. 

As  to  race,  there  were  589,426  whites  and  363,817  colored,  or  61.8 
per  cent  white  and  38.2  per  cent  colored.  These  proportions  have 
differed  greatly  at  different  times  in  the  past,  the  colored  having  in 
early  days  been  in  the  majority,  as  may  be  seen  by  the  following 
table. 
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Year. 

Percentage  of — 

White. 

Colored 

1802 

48 

46.8 

44.4 

49.7 

50.1 

52.9 

51.5 

56.8 

59.5 

61.8 

1 

52 

1812         

53.2 

1820 

f^.6 

1827 

50.3 

1830 

49.9 

1836    

47.1 

1860 

1877       

4».5 
43.7 

1887    

40.5 

1899     

38.2 

Of  the  total  colored  in  1899,  83.6  per  cent  were  reported  as  of  mixed 
white  and  negro  blood,  only  16.4  per  cent  being  pure  negroes. 

The  following  table  shows  the  distribution,  by  percentages,  of  the 
white  and  colored  in  the  seven  departments. 


Aqnadilla 
Arecibo.  . 
Mayaguez 

Ponce 

Gnayama. 
Bayamon . 
Humacao 


Percentage  of— 

White. 

Colored. 

85.6 

14.4 

77.1 

22,9 

64.3 

35.7 

59.6 

40.4 

50.7 

49.3 

48.9 

51. 1 

46.1 

5:3.9 

The  colored  are  more  numerous  proportionally  in  the  eastern  than 
in  the  western  part  of  the  island,  and  more  numerous  near  the  sea- 
coast  than  in  the  interior. 

At  the  time  of  its  discovery  the  island  was  well  populated  by  Indians, 
who  were  promptly  subjugated  and  enslaved  by  the  Spaniards.  Harsh 
treatment,  labor,  and  disease  rapidly  reduced  their  numbers,  so  that 
by  1543  they  were  practically  exterminated,  and  at  the  present  time 
no  trace  of  Indian  blood  is  to  be  found  in  the  island. 

With  the  diminution  in  number  of  Indian  slaves  negro  slaves  began 
to  be  introduced,  and  throughout  the  eighteenth  century  and  three- 
fourths  of  the  nineteenth  the  slave  trade  was  actively  prosecuted,  and 
ceased  only  about  1873,  in  which  year  negro  slavery  was  abolished. 

The  number  of  foreign  born  was  13,872,  or  only  1.5  i)er  cent  of  the 
population.  More  than  half  of  these  were  of  Spanish  birth,  and  43  per 
cent  of  them  were  found  in  the  three  largest  cities. 

As  to  conjugal  condition,  69.7  per  cent  of  the  people  were  single; 
16.6  per  cent  were  married ;  8. 8  per  cent  were  living  together  by  m  utual 
consent,  having  waived,  mainly  on  account  of  its  exx)ense,  the  cere- 
mony of  marriage,  and  4.9  per  cent  were  widowed.  The  proportion 
of  the  single  was  very  large,  and  that  of  the  married,  even  if  those 
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living  together  by  mutual  consent  be  included,  was  very  small.  In 
part  this  may  be  accounted  for  by  the  fact,  established  by  the  census, 
that  the  proportion  of  children  was  very  large  and  that  of  adults  cor- 
respondingly small.     "Inhere  are  few  aged  persons  in  the  island. 

Of  the  total  population,  only  16.6  per  cent,  or  one-sixth,  were  able 
to  read.  The  proportion  was  much  greater  in  the  large  cities  than  in 
the  rural  districts,  and  was  much  larger  among  the  whites  than  the 
colored. 

The  persons  engaged  in  gainful  occupations  were  33. 1  per  cent  of 
the  total  population,  a  proportion  somewhat  smaller  than  in  the  United 
States.  This  may  probably  be  accounted  for  by  the  greater  propor- 
tion of  children  in  Porto  Rico.  Of  the  males,  56.9  per  cent  were 
breadwinners;  of  the  females,  only  9.9  per  cent.  Classifying  the 
breadwinners  by  groups  of  occupations,  it  appeal's  that  62.8  per  cent 
of  them  were  engaged  in  agriculture,  20.5  per  cent  in  personal  and 
domestic  service,  8.4  per  cent  in  manufactures,  7.6  per  cent  in  trade 
and  transportation,  and  0.7  per  cent  in  the  professions.  The  leading 
occupation,  in  which  more  than  two-thirds  of  the  breadwinners  were 
engaged,  was  that  of  labor. 

Of  the  entire  area  of  Porto  Rico,  3,606  square  miles,  including  the 
adjacent  islands,  2,743  square  miles  were,  in  1899,  included  within 
farms.  This  is  76  per  cent  of  the  ai'ea.  The  laud  under  cultivation 
was  747  square  miles,  or  21  per  cent  of  the  total  area,  a  proportion 
larger  than  that  cultivated  in  the  United  States,  and  yet  a  small  pro- 
portion when  one  considers  the  density  of  the  population  and  the  fact 
that  it  is  almost  entirely  rural.  There  were  39,021  farms,  with  an 
average  area  of  only  45  acres  and  an  average  cultivated  area  of  but 
12  acres.  In  the  United  States  the  average  area  under  cultivation 
per  farm  in  1890  was  78  acres.  Ownership  of  farms  was  almost  uni- 
versal, not  less  tlian  93  per  cent  of  the  farms  and  91  per  cent  .of  the 
farm  area  being  owned  by  their  occupants.  The  farms  owned  by 
whites  were,  as  a  rule,  larger  than  those  owned  by  the  colored. 

The  leading  farm  product  of  Porto  Rico  is  coffee,  which  was  planted 
upon  not  less  than  41  per  cent  of  the  total  cultivated  area.  While 
coffee  was  produced  in  all  parts  of  the  island,  its  culture  is  more  gen- 
eral in  the  hilly  central  and  western  parts.  Sugar  cane  holds  second 
rank  as  a  product,  occupying  15  per  cent  of  the  cultivated  lands,  its 
area  of  cultivation  being  mainly  the  coast  lands  all  around  the  island. 
Bananas  occupied  14  per  cent  of  the  cultivated  land;  sweet  potatoes, 
8  per  cent;  Indian  corn,  4  per  cent;  rice,  2  per  cent;  cocoanuts,  2  per 
cent,  and  tobacco  only  1  per  cent  of  the  cultivated  land. 

Manufactures  are  few  and  of  trifling  importance.  No  mining  of 
any  kind  is  at  present  caiTied  on  in  the  island,  although  in  times  past 
valuable  gold  placers  were  worked  by  the  Spaniards.  It  is  by  no 
means  improbable  that  thorough  prospecting  may  develop  valuable 
mineral  resources  hitherto  unsuspected. 
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Means  of  internal  communication  are  very  scanty.  There  are  alto- 
gether 159  miles  of  railroad  in  the  island,  but  they  are  in  disconnected 
pieces  and  closely  parallel  the  coast,  none  extending  into  the  interior. 
There  is  one  good  wagon  road  extending  across  the  island  from  San 
Juan  to  Cayey  and  thence  to  Ponce,  with  a  branch  trom  Cayey  to 
Guayama,  and  short  roads  in  other  directions,  the  total  length  of  good 
roads  in  the  island  being  about  285  miles.  These  were  built  by  the 
Spanish  authorities  for  military  purposes.  Aside  from  these,  the 
so-called  roads  of  the  island  are  mere  trails,  few  of  them  passable  for 
wheeled  vehicles  at  any  time,  and  commonly  only  for  saddle  animals 
or  foot  travel. 

As  a  result  of  this  condition,  internal  trade  is  very  small  in  volume 
and  is  confined  mainly  to  the  coast  line.  Indeed,  there  are  few  civi- 
lized communities  whose  individuals  are  so  nearly  isolated  and  have 
so  little  intercommunication  as  this. 

In  1897  the  total  assessed  value  of  property  was  $28,867,928,  and 
the  true  value  was  estimated  to  be  $150,000,000,  or  about  $170  per  capita 
of  the  population.  The  average  per  capita  wealth  of  the  people  of  the 
United  States  is  estimated  to  be  in  excess  of  $1,000,  a  comparison 
which  speaks  volumes  concerning  the  poverty  of  the  people  of  Porto 
Rico.  The  mortgage  indebtedness  of  the  people  in  1897  was  not  less 
than  $18,610,000. 

In  1899  the  facilities  for  education  consisted,  in  the  main,  of  public 
schools.  Of  467  schools  412  were  maintained  at  public  expense,  the 
remainder  being  private  schools.  All  the  schools  had  a  seating 
capacity  of  but  29,164.  The  number  of  teachers  was  623,  and  the 
number  of  pupils  in  attendance  was  27,018.  The  numl)er  of  children 
attending  school  was  but  a  small  part  of  those  of  school  age.  The 
prevailing  religion  is,  of  course,  the  Catholic,  with  which  church  practi- 
cally all  the  population  are  connected. 
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Abra  Honda;  barrio  in  mnnicipal  district  Camny,  department  of  Arecibo.  Popu- 
lation 1,420. 

Abras:  barrio  in  mnnicipal  district  Corozal,  department  of  Bayamon.  Popula- 
tion 1,183. 

Aceituna;  barrio  in  municipal  district  Moca,  department  of  Aquadilla.  Popul- 
tion  1,067. 

Aceituna,  Cerro;  mountains  in  western  part  of  department  of  Ponce. 

Achiote;  barrio  in  municipal  district  Naranjito,  department  of  Bayamon.  Popu- 
lation 1,094. 

Adjuntas;  municipal  district  in  department  of  Ponce.  Area  84  square  miles. 
Population  19,484. 

Adjuntas;  city  and  post-office  in  department  of  Ponce,  situated  in  the  moun- 
tains.   Population  1,963. 

Adjuntas,  Bio  de  Las;  a  right-hand  tributary  of  Rio  Guanajibo,  in  the  western 
part  of  the  island. 

Afli^idos,  Punta;  point  on  southern  coast  near  Guanica. 

Ag^acate;  barrio  in  municipal  district  Ag^uadilla,  department  of  Ag^adilla. 

Aguacate;  barrio  in  municipal  district  Yabucoa,  department  of  Humacao.  Popu- 
lation 1,374. 

Aguada;  municipal  district  in  the  department  of  Aguadilla.  Area  15  square 
miles.    Population  10,581. 

Aguada;  city  and  post-office  near  the  coast  in  the  department  of  Aguadilla.  Popu- 
lation 1,135. 

Aguadilla;  a  departmeiit  occupying  the  northwestern  part  of  the  island.  Its  area 
is  240  square  miles  and  its  population  99,645.  The  number  of  inhabitants  to 
the  square  mile  is  415,  making  it  the  most  densely  settled  of  the  department;*. 
The  population  consists  of  85.6  per  cent  whites  and  14.4  per  cent  colored,  the 
proportion  of  colored  being  smaller  in  this  department  than  in  any  other.  The 
cultivated  area  constitutes  not  less  than  ;^5  per  cent  of  the  total  area  of  the 
department,  and  of  this  cultivated  area  not  less  than  43  per  cent  is  planted  in 
coffee  trees.  Of  the  total  farm  area  93  per  cent  is  owned  by  its  occupants  and 
only  7  per  cent  is  rented. 

Aguadilla;  municipal  district  in  department  of  Aguadilla.  Area  34  sc^uare 
miles.    Population  17.830. 

Aguadilla;  coast  city  and  post-office  in  department  of  Aguadilla.  Population 
6,425. 

Aguas  Blancas;  barrio  in  municipal  district  Yauco,  department  of  Ponce.  Pop- 
ulation 1,170. 

Ag^uas  Buenas;  municipal  district  in  department  of  Guayama.  Area  31  square 
miles.    Population  7,977. 

Aguas  Buenas;  interior  city  and  post-office,  department  of  Guayama.  Popula- 
tion 1,809. 

Aguerre,  Puerto  de;  harbor  on  southern  coast. 

Aguila,  Punta  del;  the  southwest  point  of  the  island. 

Aguirre;  barrio  in  municipal  district  Salinas,  department  of  Ghiayama.  Popu- 
lation 1,291. 
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Agustin,  Piinta  de;  point  on  north  coast  near  Rio  Ghrande. 

Aibonita;  barrio  in  mnnicipal  district  San  Sebastian,  department  of  Agnadilla. 
Population  908. 

Aibonito;  municipal  district  in  department  of  Ponce.  Area  35  square  miles. 
Population  8.596. 

Aibonito;  city  and  post-office  in  department  of  Ponce,  situated  in  t^e  mountains. 
Population  2,085. 

Aibonito:  barrio  in  municipal  district  Hatillo,  department  of  Aredbo.  Popula- 
tion 1,606. 

Ala  de  la  Piedra;  barrio  in  municipal  district  Barroe,  department  of  Ponoe. 

Algarroba,  Punta;  point  on  west  coast 

Algarrobo;  barrio  in  municipal  district  Vega  Baja,  department  of  Bayamon. 
Population  877. 

Algarrobo;  barrio  in  municipal  district  Guayama.  department  of  Gnajrama. 

Algarrobo;  barrio  in  municipal  district  Mayaguez,  department  of  Mayaguez. 
Population  1 ,054. 

Algarrobo:  barrio  in  municipal  district  Aibonito,  department  of  Ponoe. 

Algarrobo,  Cerro;  hills  near  west  coast,  Mayaguez  district. 

Algarrobos;  barrio  in  municipal  district  Yauco,  department  of  Ponce.  Popula- 
tion 952. 

Algodones,  Cayo;  islet  off  eastern  coast. 

Algodones,  Enseflada;  bay  on  eastern  coast, 

Almacigo  Alto;  barrio  in  municipal  district  Tauco,  department  of  Ponce. 

Almacigo  Bajo;  barrio  in  municipal  district  Yauco,  department  of  Ponce.  Popu- 
lation 793. 

Almirante  Norte;  barrio  in  municipal  district  Vega  Baja,  department  of  Baya- 
mon.   Population  902. 

Almirante  Sur;  barrio  in  municipal  district  Vega  Baja,  department  of  Bayamon. 
Population  847. 

Altosano;  barrio  in  municipal  disti^ict  San  Sebastian,  department  of  Aguadilla. 

Alto  Songo;  barrio  in  municipal  district  Las  Marias,  department  of  Mayaguez. 
Population  885. 

Afiasco;  municipal  district  in  department  of  Mayaguez.  Area  42  sqnare  miles. 
Population  13,311. 

Anasco;  city  in  department  of  Mayaguez.    Population  2,488. 

Afiasco  Arriba;  barrio  in  municipal  district  of  A&asco,  department  of  Mayaguez. 

Afiasco  Abajo;  barrio  in  municipal  district  A&asco,  department  of  Mayaguez. 

Ancones;  barrio  in  municipal  district  Arroyo,  department  of  Quayama.   . 

Ancones;  barrio  in  municipal  district  San  German,  department  of  Mayaguez. 

Andreas  Buiz,  Cluebrada;  ravine  on  northern  coast  near  Quebradillas. 

Angeles;  barrio  in  municipal  district  Utuado,  department  of  Areoibo.  Popula- 
tion 2,456. 

Angeles,  Bio;  head  branch  of  Rio  Camuy,  in  Arecibo  department. 

Anon;  barrio  in  municipal  district  Ponce,  department  of  Ponoe.  Population 
1,734. 

Anones;  barrio  in  municipal  district  Naranjito,  department  of  Bayamon.  Popu- 
lation 1,420. 

Anones;  barrio  in  municipal  district  Las  Marias,  department  of  Mayaguez. 
Population  1.251. 

Antiguo,  Puerto:  harbor  on  northern  coast  near  Quebradillas. 

Anton  Buiz;  barrio  in  municipal  district  Humacao,  department  of  Humacao. 
Popjilation  987. 

Anton  Buiz,  Bio;  a  small  stream  in  the  eastern  part  of  the  island. 

Apeadero;  barrio  in  municipal  district  Patillas,  department  of  Htunacao. 

Aponte,  Cerro;  hills  in  department  of  Guayama. 
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Aquila,  Punta  del;  point  on  northwest  coast. 

Arecibo;  a  department  in  the  northern  part  of  the  island,  lying  west  of  Bayamon. 
Its  area  is  621  square  miles  and  the  population  162,308,  with  261  to  the  square 
mile.  As  to  race,  the  population  was  divided  in  the  proportion  of  77.1  per  cent 
white  and  22.9  per  cent  colored.  Of  the  total  area  25  per  cent,  or  one-fourth, 
was  under  cultivation,  and  of  this  cultivated  area  50  per  cent  was  planted  in 
coffee.  Of  the  total  farm  area  97  per  cent,  or  very  nearly  all,  was  owned  by 
its  occupants,  only  3  per  cent  being  rented. 

Arecibo;  municipal  district  in  department  of  Arecibo.  Area  138  square  miles. 
Population  36,910. 

Arecibo;  coast  city  and  poet-office  in  department  of  Arecibo.    Population  8,008. 

Arecibo,  Fondeadero  de;  anchorage  in  open  bay  of  same  name. 

Arecibo,  Bio  Qrande  de;  river,  heading  in  the  main  range  of  the  island  and  flow- 
ing north  to  northern  coast,  at  Arecibo.    Length  80  miles. 

Arenales;  barrio  in  municipal  district  Aguadilla,  department  of  Aguadilla. 

Arenales  Altos;  bario  in  municipal  district  of  Isabela,  department  of  Aguadilla. 
Population  1,559. 

Arenales  Bajos;  barrio  in  municipal  district  Isabela,  department  of  Aguadilla. 
Population  883. 

Arenas;  barrio  in  municipal  district  Cidra,  department  of  Guayama. 

Arenas;  barrio  in  municipal  district  Utuado,  department  of  Arecibo.  Popula- 
tion 1,577. 

Arenas,  Oayo;  islet  off  southern  coast. 

Arenas,  Punta;  point  on  southern  coast,  near  Salinas. 

Arenas,  Punta;  point  on  western  coast. 

Arenalejos;  barrio  in  municipal  district  Arecibo,  department  of  Arecibo.  Popu- 
lation 1,228. 

Armuelas;  barrio  in  municipal  district  Juana  Diaz,  department  of  Ponce.  Popu- 
lation 1,010. 

Arrecifes  de  la  Ck>rdillera;  islets  off  northeast  coast. 

Arroyo;  city  and  i)ost-office  in  department  of  Guayama,  situated  near  the  coast. 
Population  2,137. 

Arroyo  municipal  district  in  department  of  Guayama.  Area  22  square  miles. 
Population  4,867. 

Arroyo,  Bio  del;  a  small  stream  in  the  southeastern  part  of  the  island. 

Arrozal;  barrio  in  municipal  district  Arecibo,  department  of  Arecibo.  Popula- 
tion 1,662. 

Aaomante;  barrio  in  municipal  district  Aibonito,  department  of  Ponce. 

Aaomante;  barrio  in  municipal  district  Aguada,  department  of  Aguadilla. 

Aaomante,  Cerro;  hills  in  southeastern  part  of  department  of  Bayamon. 

Aaomante,  Cerro;  hills  near  Humacao. 

Atalaya;  barrio  in  municipal  district  Rincon,  department  of  Aguadilla. 

Atalaya;  barrio  in  municipal  district  Aguada,  department  of  Aguadilla. 

A  villas,  Cerro;  hills  in  southwest  part  of  department  of  Ponce. 

Avispas,  Cerro;  hills  near  Guayama. 

Bahomamey ;  barrio  in  municipal  district  San  Sebastian,  department  of  Aguadilla. 

Bairoa;  barrio  in  mtmicipal  district  Aguas  Buenas.  department  of  Guayama. 

Bairoa;  barrio  in  municipal  district  Caguas,  department  of  Guayama. 

Bairo,  Bio;  a  left-hand  branch  of  Loiza  River. 

Bajo;  barrio  in  municipal  district  Patillas,  department  of  Humacao. 

Bajo,  Punta  del;  point  on  southeastern  coast. 

Bajura;  barrio  in  municipal  district  Cabo  Rojo,  department  of  Mayaguez.  Popu- 
lation 1.218. 

Bajura;  barrio  in  municipal  district  Isabela,  department  of  Aguadilla.  Popula- 
tion 647, 
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Bajura;  barrio  in  municipal  district  Vega  Alta,  department  of  Bayamon.  Popu- 
lation 740. 

Bajura  Adentra;  barrio  in  mnnicipal  district  Manati,  department  of  Arecibo. 
Population  881. 

Bajura  Afuera;  barrio  in  municipal  district  Manati,  department  of  Arecibo. 
Population  739. 

Ballaja;  barrio  in  municipal  district  San  Juan,  department  of  Bayamon.  Popu- 
lation 1,217. 

Ballena,  Ensenada  de;  harbor  on  southern  coast,  near  Guanica. 

Bandera,  Cerro  de  la;  hills  near  Humacao. 

Bandera,  Punta  de  la;  point  on  northeast  coast,  near  Luquillo. 

Barahona;  barrio  in  municipal  district  Morovis,  department  of  Arecibo.  Popu- 
lation 854. 

Barceloneta;  municipal  district  in  department  of  Arecibo.  Area  43  square  miles. 
Population  9,357. 

Barceloneta;  city  and  post-office  in  department  of  Arecibo.  situated  near  the 
coast.    Population  1,459. 

Barceloneta:  barrio  in  municipal  district  Barceloneta,  department  of  Arecibo. 
Population  1,459. 

Barinas;  barrio  in  municipal  district  Yauco,  department  of  Ponce.  Population 
1,432. 

Barraces,  Punta;  point  at  entrance  to  Guayanilla  Harbor,  on  southern  coast. 

Barrancas;  barrio  in  municipal  district  Barranquitas,  department  of  Ponce. 
Population  692. 

Barrancas,  Punta  de;  point  on  eastern  coast. 

Barrancas,  Punta;  point  on  southern  coast,  near  Gnayama. 

Barranquitas;  municipal  district  in  department  of  Ponce.  Area  48  square  miles. 
Population  8,103. 

Barranquitas;  post  village  in  department  of  Ponce. 

Barreal;  barrio  in  municipal  district  Penuelas,  department  of  Ponce.  Popula- 
tion 922. 

Barrero;  barrio  in  municipal  district  Guayanillo,  department  of  Ponce. 

Barros;  municii)al  district  in  department  of  Ponce.  Area  76  square  mil^s.  Pop- 
ulation 14,845. 

Barros;  post  village  in  department  of  Ponce. 

Barros;  barrio  in  municipal  district  Barros,  department  of  Ponco.  Population 
987. 

Bartolo:  bHrrio  in  municipal  district  Lares,  department  of  Aguadilla.  Popula- 
tion 2,035. 

Batato,  Cayo;  islet  off  southeastern  coast. 

Bateria,  Punta  de  la;  point  on  eastern  coast,  near  Fajardo. 

Bateyes;  barrio  in  municipal  district  Mayaguez,  department  of  Mayaguez.  Pop- 
lation  1,019. 

Baucal,  Cerro;  hills  near  Penuelas,  department  of  Ponce. 

Bauta  Abajo;  barrio  in  municipal  district  Barros,  department  of  Ponce.  Popu- 
lation 1,603. 

Bauta  Arriba;  barrio  in  municipal  district  Barros,  department  of  Ponce. 

Bauta,  Bio;  head  branch  of  Manati  River  in  department  of  Arecibo. 

Bayamon;  a  department  occupying  part  of  the  northern  portion  of  the  island. 
Its  area  is  542  square  miles  and  its  population  160.046.  The  density  of  pop- 
ulation is  295  per  square  mile.  As  to  race,  the  population  was  divided  in 
proportion  of  48.9  per  cent  white  and  51.1  per  cent  colored,  the  latter  being 
slightly  in  excess.  Of  the  total  area  13  per  cent  was  under  cultivation,  and  of 
this  cultivated  area  27  per  cent  was  planted  in  sugar  cane  and  20  per  cent  in 
coffee.  Of  the  total  farm  area  81  per  cent  was  owned  by  its  occupants  and  19 
per  cent  rented. 
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Bayamon;  municipal  district  in  department  of  Bayamon.  Area  77  sqnare  miles. 
Population  19,940. 

Bayamon;  city  and  post-office  in  department  of  Bayamon,  situated  near  the  coast. 
Population  2,218. 

Bayamon;  barrio  in  municipal  district  Cidra,  department  of  Guayama. 

Bayamon,  Bio;  riyer  heading  near  Aguas  Buenas,  and  flowing  north  to  its  mouth 
near  San  Juan.    Length  25  miles. 

Bayamoncito:  barrio  in  municipal  district  Aguas  Buenas,  department  of  Guay- 
ama.   Population  76o. 

Bayamoncito,  Bio;  the  head  stream  of  Bayamon  River. 

Bayaney;  barrio  in  municipal  district  Hatillo,  department  of  Arecibo.  Popula- 
tion 1,394. 

Beatriz;  barrio  in  municipal  district  Caguas,  department  of  Guayama.  Popula- 
tion 868. 

Beatriz:  barrio  in  municipal  district  Cayey.  department  of  Guayama. 

Beatriz;  barrio  in  municipal  district  Cidra,  department  of  Guayama. 

Bejucos;  barrio  in  municipal  district  Isabela,  department  of  Agnadilla.  Popula- 
tion 1,257. 

Benavente;  barrio  in  municipal  district  Hormigueros.  department  of  Mayaguez. 

Berberia,  Cayos  de;  islets  off  southern  coast  near  Santa  Isabel. 

Bermeja,  Punta;  point  on  southern  coa.st  near  Guanica. 

Bermejales;  barrio  in  municipal  district  Barros,  department  of  Ponce.  Popula- 
tion 1.317. 

Bibiana,  Cerro;  mountains  near  Hato  Grande. 

Blanco,  Cerro;  hills  in  department  of  Ponce. 

Blanco,  Bio;  a  river  of  the  northwestern  part  of  the  island,  heading  in  the  moun- 
tains.   Length  30  miles. 

Blanco,  Bio;  a  small  stream  in  the  eastern  part  of  the  island. 

Boca:  barrio  in  municipal  district  Guayanilla,  department  of  Ponce. 

Boca;  barrio  in  municipal  district  Santa  Isabel,  department  of  Ponce. 

Boqueron;  barrio  in  municipal  district  Piedras,  department  of  Humacao. 

Boqueron;  barrio  in  municipal  district  Cabo  Rojo,  department  of  Mayaguez. 
Population  1,185. 

Boqueron,  Punta  del;  Point  on  northwestern  coast. 

Boqueron,  Ense&ada  del;  harbor  on  southwestern  coast. 

Boqueron,  El;  island  off  northern  coast,  near  San  Juan. 

Boquillas,  Punta  de  las;  point  on  northern  coast  nearManati. 

Borassa  Alto;  barno  in  municipal  district  Carolina,  department  of  Bayamon. 
Population  889. 

Borassa  Bajo;  barrio  in  municipal  district  Carolina,  department  of  Bayamon. 

I        Population  7G4. 

Borinquen;  barrio  in  municipal  district  Aguadilla,  department  of  Aguadilla. 
Population  1,271. 

Borinquen;  barrio  in  municipal  district  Caguas,  department  of  Guayama. 

Borinquen,  Punta;  point  on  northwest  coast. 

Botijas;  barrio  in  municipal  district  Barros,  department  of  Ponce.  Population 
891. 

Bramadero,  Punta;  point  on  western  coast. 

Brea,  Punta  de  la;  point  on  southern  coast  near  Guanica. 

Brenas,  Punta  de  las;  point  on  northern  coast  near  Vega  Baja. 

Brusi,  Pe&on  de;  point  on  northern  coast  near  Camuy. 

Bucana-Vayas;  barrio  in  municipal  district  Ponce,  department  of  Ponce.  Popu- 
lation 1,315. 

Bucana,  Bio;  a  small  stream  in  the  southern  jmrt  of  the  island. 

Bull.  183—01 2 
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Bucarabones;  barrio  in  municipal  district  Las  Marias,  department  of  Majagnez. 
Population  761. 

Bucarabones;  barrio  in  municipal  district  Maricao,  department  of  Mayagnez. 
Population  1,854. 

Bucarabones,  Bio;  a  left-hand  tributary  to  Rio  Blanco  in  the  northwest. 

Bucarabones,  Sierra;  mountains  in  eastern  part  of  Mayaguez  department 

Buenos  Aires:  barrio  in  municipal  district  Lares,  department  of  Agoadilla.    Pop- 
ulation 1,449. 

Buenos  Aires,  Cuchilla  de;  short  mountain  range  in  northwestern  part  of  departr 
ment  of  Ponce. 

Buena  Vista;  barrio  in  municipal  district  Bayamon.  department  of  Bayamou. 
Population  1,028. 

Buena  Vista;  barrio  in  municipal  district  Humacao,  department  of  Humacaa 
Population  985. 

Buena  Vista;  barrio  in  municipal  district  Las  Marias,  department  of  Mayagnez. 
Population  1,120. 

Buena  Vista,  Cerro;  hills  in  Ailasco  district,  in  the  western  part  of  the  island. 

Buena  Vista,  Cerro;  hills  in  department  of  Guayama. 

Burones,  Cerro;  hills  in  department  of  Ponce. 

Cabazas,-Cabo;  Northeast  cape  of  island. 

Cabezaa;  barrio  in  municipal  district  Fajardo,  department  of  Hnmacao. 

Cabeza  Chiquita;  headland  on  northeast  coast  near  Fajardo. 

Cabezade  Pineiro;  point  on  island  of  same  name  off  eitst  coast. 

Cabo  Caribe;  barrio  in  municipal  district  Vega  Baja,  department  of  Bayamon. 
Population  277. 

Cabo  Bojo;  municipal  district  in  department  of  Mayagnez.    Area  55  square  miles. 
Population  16,154. 

Cabo  Bojo;  city  and  post-office,  in  department  of  Mayagnez,  situated  near  the 
coast.    Population  2,744. 

Cabra,  Isla;  island  at  entrance  of  San  Juan  Harbor. 

Cabra  de  Tierra:  point  at  entrance  to  Hondo  Ensefiada,  on  eastern  coast. 

Cabras,  Isla;  island  off  eastern  coast. 

Cabrillon,  Punta;  i)oint  on  southern  coast  near  Ponce. 

Cabrita,  Isla;  small  island  at  entrance  of  San  Jnan  Harbor. 

Cabritas,  Isla;  island  off  eastern  coast. 

Cabro,  Cerros  del;  mountains  in  department  of  Guayama. 

Cacao;  barrio  in  municipal  district  Carolina,  department  of  Bayamon.     Popula- 
tion 1,225. 

Cacao  Alto;  barrio  in  municipal  district  Patillas,  department  of  Humacao. 

Cacao  Bajo;  barrio  in  municipal  district  Patillas,  department  of  Humacao. 

Cacaos;  barrio  in  municipal  district  Barros,  department  of  Ponce. 

Cacaos;  barrio  in  municipal  district  Quebradillas.  department  of  Arecibo.     Popu- 
lation 1,060. 

Caguabo;  barrio  in  municipal  district  Ailasco,  department  of  Mayaguez. 

Caguana;  barrio  in  municipal  district  Utuado,  department  of  Arecibo.     Popula- 
tion 2,555. 

Caguas:  municipal  district  in  department  of  Ouayama.     Area  (K)  square  miles; 
population  10,857. 

Caguas;  interior  city  and  post-office  in  department  of  Guayama.     Population 
5,450. 

Caguitas:  barrio  in  municipal  district  Aguas  Biienas,  department  of  Guayama. 
Population  856. 

Caguitas,  Bio;  a  left-hand  branch  of  Loiza  River. 

Caimital;  barrio  in  municipal  district  Guayama,  department  of  Guayama.    Pop- 
ulation 603. 
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Oaimital  Alto:  barrio  in  municipal  district  Agnadilla.  department  of  Aguadilla. 

Caimital  Bajo;  barrio  in  municipal  district  Ag^uadilla,  department  of  Agnadilla. 
Population  943. 

Caunito;  barrio  in  municipal  district  Juncos,  department  of  Guayama. 

Oaimito;  barrio  in  municipal  district  Yauco.  department  of  Ponce. 

Oaimito  Alto;  barrio  in  municipal  district  Rio  Piedras,  department  of  Bayamon. 
Population  779. 

Caimito  Bajo;  barrio  in  municipal  district  Rio  Piedras,  department  of  Bayamon. 
Population  927. 

Cain  Alto;  barrio  in  municipal  district  San  Q^rman,  department  of  Mayaguez. 
Population  1,043. 

Cain  Bajo;  barrio  in  municipal  district  San  German,  department  of  Mayaguez. 
Population  942. 

Cain,  Bio  de;  a  right-hand  branch  of  Rio  Guanajibo,  in  the  western  part  of  the 
island. 

Cain,  Sierra  de;  mountains  in  eastern  part  of  Mayaguez  department. 

Caja  de  Muertos;  island  and  barrio  in  municipal  district  Ponce,  department 
of  Ponce.    Population  «4. 

Calabazas;  barrio  in  municipal  district  San  Sebastian,  department  of  Aguadilla. 
Population  746. 

Calaba2sa8;  barrio  in  municipal  district  Yabucoa,  department  of  Humacao. 
Population  1,891. 

Calabeza,  Cerro;  hills  in  department  of  Guayama. 

Calderon,  Sillas  de:  mountains  in  western  part  of  department  of  Ponce. 

Caleta;  barrio  in  municipal  district  San  Juan,  department  of  Bayamon.  Popula- 
tion 3,307. 

California;  barrio  in  municipal  district  Agnada,  department  of  Agnadilla. 

Callado;  barrio  in  municipal  district  Juana  Diaz,  department  of  Ponce. 

Callejones;  barrio  in  municipal  district  Lares,  department  of  Agnadilla.  Popu- 
lation 2,152. 

Calvache;  barrio  in  municipal  district  Rincon,  department  of  Aguadilla.  Popu- 
lation 708. 

Calzada;  barrio  in  municipal  district  Maunabo,  department  of  Humayao. 

Camarones;  barrio  in  municii)al  district  Bayamon.  department  of  Bayamon. 
Population  620. 

Camaseyes;  barrio  in  municipal  district  Aguadilla,  department  of  Aguadilla. 
Population  1,633. 

Cambalache;  barrio  in  municipal  department  Arecibo,  department  of  Arecibo. 
Population  470. 

Camino  Nuevo;  barrio  in  municipal  district  Yabucoa,  department  of  Humacao. 
Population  1,435. 

Camuy;  municipal  district  in  department  of  Arecibo.  Area  44  square  miles; 
population  10,887. 

Camuy;  coast  town  and  post-office  in  department  of  Arecibo. 

Camuy;  barrio  in  municipal  district  Camuy,  department  of  Arecibo.  Popula- 
tion 989. 

Camuy,  Bio;  river  in  western  part  of  Arecibo:  flows  north  to  north  coast,  between 
Camuy  and  Hatillo.     Length  18  miles. 

Canabon;  barrio  in  municipal  district  Caguas,  department  of  Guayama.  Popu- 
lation 1,309. 

Caflabon;  barrio  in  municipal  district  Barrani^uitas,  department  of  Ponce.  Popu- 
lation 1,117. 

Caflaboncito:  barrio  in  municipal  district  Caguas,  department  of  Guayama. 
Population  1,400. 
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Oafias;  barrio  in  muDieipal  district  Ponce,  department  of  Ponce.  Popnlatiou 
2,680. 

Cafias,  Bio;  a  left-hand  branch  of  Rio  Blanco,  in  the  northwest. 

Cafias,  Bio:  a  small,  left-hand  branch  of  Rio  Culebrinas,  in  the  northwest. 

Cafias,  Bio;  a  stream  in  the  sonthem  part  of  the  island. 

Cafias,  Bio;  a  left-hand  branch  of  Loiza  River. 

Candelaria;  barrio  in  municipal  district  Lajas,  department  of  Mayagrnez.  Popu- 
lation 1,008. 

Candelaria;  barrio  in  municipal  district  Mayaguez,  department  of  Mayaguez. 
Population  2.609. 

Candelaria;  barrio  in  municipal  district  Toa  Baja,  department  of  Bayamon. 
Population  1,395. 

Candelaria;  barrio  in  municipal  district  Vega  Alta,  department  of  BayamoD. 
Population  863. 

Oandelero  Abajo;  barrio  in  municipal  district  Humacao,  department  of  Humacao. 
Population  972. 

Candelero  Arriba;  barrio  in  municipal  district  Humacao,  department  of  Humacao. 
Population  811. 

Candelero,  Bio;  a  small  stream  in  the  southeast. 

Candelero,  Punta;  jioint  on  southeastern  coast. 

Cangrejos;  barrio  in  municipal  district  Carolina,  department  of  Bayamon. 
Population  367. 

Cangrejos,  Punta:  point  on  northern  coast,  east  of  San  Juan. 

Caniaco;  barrio  in  municipal  district  Utuado,  department  of  Arecibo.  Popula- 
tion 631. 

Canovanas;  post  village  in  department  of  Bayamon. 

Canovanas;  barrio  in  municipal  district  Loiza.  department  of  Bayamon.  Popu- 
lation 1,942. 

Canovanas,  Bio;  a  right-hand  branch  of  Loiza  River. 

Cantera;  barrio  in  municipal  district  Ponce,  department  of  Ponce.  Population 
5,321. 

Cantera,  Cerro  de  la;  hills  in  department  of  Ponce. 

Caonillaa;  barrio  in  municipal  district  Aibonito,  department  of  Ponce. 

Caonillaa;  barrio  in  municipal  district  Utuado,  department  of  Arecibo.  Popula- 
tion 2,378. 

Caonilla  Abajo;  barrio  in  municipal  district  Juana  Diaz,  department  of  Ponce. 

•  Population  1,558. 

Caonilla  Arriba;  barrio  in  municipal  district  Juana  Diaz,  department  of  Ponce 

Population  2,200. 
Capa;  barrio  in  municipal  district  Moca,  department  of  Aguadilla.     Population 

898. 
Capaes;  barrio  in  municipal  district  Ad  juntas,  department  of  Ponce.     Population 

•  1,266. 

Capaez:  barrio  in  municipal  district  Hatillo,  department  of  Arecibo.  Population 
1,016. 

Capaez,  Cerro  de;  mountains  in  northwestern  part  of  Ponce  department. 

Capitanejo;  barrio  in  municipal  district  Juana  Diaz,  department  of  Ponce.  Popu- 
lation 1,338. 

Capitanejo;  barrio  in  municipal  district  Ponce,  department  of  Ponce.  Popula- 
tion 1,161. 

Capo,  Ensenada;  harbor  on  southern  coast,  near  Santa  Isabel. 

Caracol;  barrio  in  municipal  district  Ailasco.  department  of  M&yagxxez, 

Caracol,  Cerro:  hills  in  western  part  of  Mayaguez  department. 

Caracoles,  Isla;  islet  off  southwest  coast. 

Caracoles,  Punta;  point  on  north  shore,  east  of  Arecibo. 
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Caracoles,  Penas  de  las;  point  on  north  coast,  ne:\r  Hatillo. 

Carcel;  barrio  in  municipal  district  Mayaguez,  department  of  Mayagnez.  Popu~ 
lation  4,585. 

Carcuero,  Punta;  point  on  southern  coast,  near  Ponce. 

Cardona,  Isla;  islet  off  southern  coast,  near  Ponce,  on  which  is  a  light-house. 

Cariba,  Cayo;  islet  off  southern  coast. 

Caribes,  Islas;  islands  off  southern  coast,  near  Guayama. 

Carite:  barrio  in  municipal  district  G-uayama,  department  of  Guayama.  Popu- 
lation 834. 

Carolina;  municipal  district  in  department  of  Bayamon.  Area  57  square  miles. 
Population  1 1 .965. 

Carolina;  interior  city  and  post-olfice  in  department  of  Bayamon.  Population 
2,177. 

Carmen;  barrio  in  municipal  district  Guayama,  department  of  Guayama.  Pop- 
ulation 784. 

Carraiza;  barrio  in  municipal  district  Trujillo  Alto,  department  of  Bayamon. 
Population  1,159. 

Carrayos,  Ensenada;  harbor  on  southern  coast,  near  Santa  Isabel. 

Carrera;  barrio  in  municipal  district  Arecibo,  department  of  Arecibo.  Popula- 
tion 676. 

Carreras;  barrio  in  municipal  district  Afiasco,  department  of  Mayaguez. 

Carrizal;  barrio  in  municipal  district  Aguada,  department  of  Aguadilla. 

Carrizales;  barrio  in  municipal  district  Hatillo,  department  of  Arecibo.  Popu. 
lation  969. 

Cascajo,  Punta;  point  in  entrance  to  Ensenada  Honda,  on  eastern  coast. 

Casey,  Abajo;  barrio  in  municipal  district  Aflasco,  department  of  Mayaguez. 

Casey  Arriba;  barrio  in  municipal  district  Afiasco,  department  of  Mayaguez. 

Casey,  Bio;  a  left-hand  branch  of  Rio  Blanco,  in  the  northwestern  part  of  the 
island. 

Castillo,  Cerro  del;  hills  in  the  eastern  part  of  department  of  Bayamon. 

Cata,  Cerro  de;  hills  in  department  of  Ponce. 

Cataiko;  barrio  in  municipal  district  Bayamon,  department  of  Bayamon.  Popu- 
lation 2,331. 

Cata&o;  barrio  in  municipal  district  Humacao,  department  of  Humacao. 

Cata&o,  Punta;  point  separating  outer  and  inner  harbor  of  San  Juan,  on  north 
coast 

Catedral;  barrio  in  municipal  district  San  Juan,  department  of  Bayamon.  Pop- 
ulation 2,497. 

Caunilla,  Bio;  a  right-hand  tributary  of  Arecibo  River,  in  department  of  Arecibo. 

Cautagallos,  Punta;  point  on  northern  coast,  near  Manati. 

Cayaguas,  Bio;  a  head  branch  of  Loiza  River. 

Cayales;  barrio  in  municipal  district  Coamo,  department  of  Ponce.  Population 
989. 

Cayey;  municipal  district  in  department  of  Guayama.  Area  90  square  miles. 
Population  14,442. 

Cayey;  interior  city  and  post-office  in  department  of  Guayama.     Population  3.763. 

Cayey,  Tetas  de;  mountains  in  eastern  part  of  department  of  Ponce. 

Cedrito;  barrio  in  municipal  district  Comerio,  department  of  Guayama. 

Cedro;  barrio  in  municipal  district  Cayey,  department  of  Guayama. 

Cedro  Abajo;  barrio  in  municipal  district  Naranjito.  department  of  Bayamon. 
Population  977. 

Cedro  Arriba;  barrio  in  municipal  district  Naranjito,  department  of  Bayamon. 
Population  915. 

Oedro,  Cerrodel;  hills  near  Cayey,  department  of  Guayama. 
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Cedros;  barrio  in  municipal  district  Carolina,  department  of  Bayamon.  Popnla- 
tion  724. 

Oeiba;  barrio  in  rannicipal  district  Cidra,  department  of  Goayama. 

Ceiba;  barrio  in  municipal  district  Fajardo,  department  of  Hnmacao. 

Ceiba:  barrio  in  municipal  district  Vega  Baja,  department  of  Bayamon.  Popn- 
nlation  469. 

Ceiba;  coast  city  in  department  of  Hnmacao.    Population  1,214. 

Oeiba  Alta;  barrio  in  municipal  district  Agoadilla,  department  of  Agoadilla. 

Oeiba  Baja;  barrio  in  municipal  district  Aguadilla,  department  of  Agnadilla. 

Ceiba  Norte;  barrio  iu  municipal  district  Jnncos,  department  of  Qaayama. 

Ceiba  Sur;  barrio  in  municipal  district  Juncos,  department  of  Goayama. 

Cejas;  barrio  in  municipal  district  Comerio,  department  of  Guayama. 

Celada;  barrio  in  municipal  district  Gurabo,  department  of  Guayama.  Popula- 
tion 964. 

Centro;  barrio  in  municipal  district  Moca,  department  of  Aguadilla.  Population 
601. 

Cercadillo;  barrio  in  municipal  district  Cayey,  department  of  Guayama. 

Cercadillo,  Cerro;  hills  in  department  of  Guayama. 

Cercado;  barrio  in  municipal  district  Afiasco,  department  of  Mayagaez. 

Cerrillos;  barrio  in  municipal  district  Ponce,  department  of  Ponce.  Population 
518. 

Oerro  Qordo;  barrio  in  municipal  district  Aguada,  department  of  Aguadilla. 
Population  843. 

Cerro  Gordo;  barrio  in  municipal  district  Anasco,  department  of  Mayaguez. 

Cerro  Gordo;  barrio  in  municipal  district  Bayamon,  department  of  Bayamon. 
Population  845. 

Cerro  Gordo;  barrio  in  municipal  district  Moca.  department  of  Aguadilla.  Pop- 
ulation 1,008. 

Cerro  Gordo;  barrio  in  municipal  district  San  Lorenzo,  department  of  Guayamo. 
Population  1,452. 

Cerro  Gordo,  Play  a  de;  beach  on  north  coast,  near  Vega  Baja. 

Cerro  Gordo.  Isla  de;  small  island  off  north  coast,  near  Vega  Baja. 

Cerro  Gordo,  Punta  de;  point  on  north  coast,  near  Vega  Baja. 

Cerrote;  barrio  in  municipal  district  Las  Marias,  department  of  Mayaguez.  Pop- 
ulation 864. 

Cerrotes,  Los;  mountains  in  western  part  of  department  of  Ponce. 

Chamorro;  barrio  in  municipal  district  Las  Marias,  department  of  Mayaguez. 

Charcas;  barrio  in  municipal  district  Quebradillas.  department  of  Areoibo.  Pop- 
ulation 330. 

Chico,  Bio;  a  small  stream  in  the  southeast. 

Chiquita,  Punta;  point  on  northwest  coast. 

Chupacallos;  barrio  in  municipal  district  Fajardo,  department  of  Hnmacao. 

dales;  municipal  district  in  department  of  Arecibo.    Area  66  square  miles. 
Population  18,11"). 

Ciales;  interior  city  and  post  office,  in  department  of  Arecibo.    Population  1,356. 

Ciales:  barrio  in  municipal  district  Ciales,  department  of  Arecibo.  Population 
1,356. 

Cialitos;  barrio  in  municipal  district  Ciales,  department  of  Arecibo.    Population 

Cialitos,  Bio;  a  left-hand  branch  of  Manati  River,  in  department  of  Arecibo. 

Cibao;  barrio  in  municipal  district  Camuy,  department  of  Areciba  Population 
695. 

Cibao;  barrio  in  municipal  district  San  Sebastian,  department  of  Agnadiila. 

Cibuco;  barrio  in  municipal  district  Corozal,  department  of  Bayamon.  Popula- 
tion 1,096. 
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Cibuco;  barrio  in  municipal  district  Ve^  Baja,  department  of  Bayamon.  Popu- 
lation 310. 

Cibuco,  Boca  de:  inlet  at  mouth  of  Cibuco  River. 

Oibuco,  Bio;  river  in  western  part  of  Bayamon  department,  flowing  north  to 
coast.    Length  15  miles. 

Cidra;  municipal  district  in  department  of  Guayama.  Area  89  s^iuare  miles. 
Population  7,552. 

Cidra;  interior  city  in  department  of  Gnayama.     Population  1,034. 

Cidra;  barrio  in  municipal  district  Anasco,  department  of  Mayaguez. 

Cidra,  Bio  de  la:  head  branch  of  Arecibo  River  in  department  of  Arecibo. 

Cidrae;  barrio  in  municipal  district  San  Sebastian,  department  of  Agaadilla. 

Ciego  Hernandez;  barrio  in  municipal  district  Yauco,  department  of  Ponce. 

Cienega;  barrio  in  municipal  district  Camuy,  department  of  Arecibo.  Popula- 
tion 711. 

Cienega;  barrio  in  municipal  district  Rio  Grande,  department  of  Bayamon. 
Population  1,610. 

Ciervo,  Cerro  del;  hills  in  eastern  part  of  department  of  Arecibo. 

Cintrona;  barrio  in  municipal  district  J  nana  Diaz,  department  of  Ponce.  Popu- 
lation 1,132. 

Coamo;  municipal  district  in  department  of  Ponce.  Area  87  square  miles. 
Population  15,144. 

Coamo;  interior  city  and  post-office  in  department  of  Ponce.    Population  3,244. 

Coamo  Arriba;  barrio  in  municipal  district  Coamo,  department  of  Ponce.  Popu- 
lation 1,223. 

Coamo,  Bio  de;  a  small  stream  in  the  southern  part  of  the  island. 

Cocoa;  barrio  in  municipal  district  Quebradillas,  department  of  Arecibo.  Popu- 
lation 978. 

Collado,  Isla;  islet  off  southwestern  coast. 

Collarro,  Cuchilla  de;  hills  near  Juana  Diaz. 

Collores;  barrio  in  municipal  district  Barros,  department  of  Ponce. 

Collores;  barrio  in  municipal  district  Humacao,  department  of  Humacao.  Pop- 
ulation 1,016. 

Collores;  barrio  in  municipal  district  Juana  Diaz,  department  of  Ponce.  Popu- 
lation 2,835. 

Collores;  barrio  in  municipal  district  Yauco,  department  of  Ponce.  Population 
893. 

Collores,  Cerro;  hills  in  southeastern  part  of  department  of  Arecibo. 

Colores;  barrio  in  municipal  district  Piedras,  department  of  Humacao. 

Comacho,  Cerro;  mountains  in  northern  part  of  department  of  Ponce. 

Comancho,  Cerro;  hills  in  southeastern  part  of  department  of  Arecibo. 

Comerio;  municipal  district  in  department  of  Guayama.  Area  37  square  miles. 
Population  8,249. 

Comerio;  interior  city  and  post-office  in  department  of  Guayama.  Population 
1,191. 

Comezon,  El;  bay  on  northeast  coast  near  Rio  Grande. 

Concejo;  barrio  in  municipal  district  Guayanillo,  department  of  Ponce. 

Conovanillas,  Bio;  a  right-hand  branch  of  Loiza  River. 

Consejo;  barrio  in  municipal  district  Utuado,  department  of  Arecibo.  Popula- 
tion 929. 

Contomo;  barrio  in  municipal  district  Toa  Alta,  department  of  Bayamon.  Pop- 
ulation 658. 

Convento,  Piinta  del;  point  on  southeast  coast. 

Corchones,  Punta;  point  on  southern  coast. 

Corcovado;  barrio  in  municipal  district  Hatillo,  department  of  Aredba  Popa- 
latioo  1»065. 


26 


A    GAZETTZZB   ^•T    FCHTTO   BiOC*. 


l-l 


I. in. 


of  Hi 


^  aq«az«  nileft. 


S.4I4. 


Popn- 


:|.4I4. 


pari  of  the 


*lx 


¥opak 


GANNBTT.l  A    GAZETTEER    OF   PORTO    RICO.  27 

Fumias;  barrio  in  manicipal  district  Las  Marias,  department  of  Mayagnez. 
Galatea;  barrio  in  mnnicipal  district  Toa  Alta,  department  of  Bayamon.    Popu- 
lation 606. 
Qalateo  Alto;  barrio  in  manicipal  district  Isabela,  department  of  Aguadilla. 

Population  1,06:3. 
Galeteo  Bajo;  barrio  in  municipal  district  Isabela.  department  of  Aguadilla. 

Population  705. 
Oarrochales;  barrio  in  municipal  district  Arecibo,  department  of  Areciba    Pop- 
ulation 950. 
Garrochales;  barrio  in  municipal  district  Barceloneta,  department  of  Arecibo. 

Population  1,058. 
Garzas;  barrio  in  municipal  district  Ad  juntas,  department  of  Ponce.    Population 

1,425. 
Garzas,  Isia  de  la;  small  island  off  north  coast  near  mouth  of  Rio  Cibuco. 
Gata,  Punta  de  la;  point  on  north  coast  near  Quebradillas. 
Gatas,  Isia;  islet  off  south  coast  near  Ponce. 

Gate;  barrio  in  municipal  district  Barros,  department  of  Ponce.     Population  876. 
Golay,  Punta:  point  at  entrance  to  Guayanllla  Harbor  on  southern  coast. 
Gorda,  Punta;  point  on  northwest  coast. 
Gorda,  Punta;  point  on  east  coast. 
Gordo,  Oerro;  Mountains  near  Hato  (j^rande. 

Grande,  Rio;  a  small  steam  flowing  to  the  sea  on  the  northwest  coast. 
Grande,  Rio;  a  small  stream  in  the  northeastern  part  of  the  island. 
Guaba,  Rio  de  la;  a  left-hand  branch  of  Rio  Blanco  in  the  northwestern  part  of 

the  island. 
Guacio;  barrio  in  municipal  district  San  Sebastian,  department  of  Aguadilla. 

Population  562. 
Guadiana:  barrio  in  the  municipal  district  Naranjito,  department  of  Bayamon. 

Population  1,006. 
Guajataca;  barrio  in  municipal  district  (Quebradillas,  department  of  Arecibo. 

Population  66». 
Guajataca:  barrio  iu  municipal  district  San  Sebastian,  department  of  Aguadilla. 
Guajataca,  Rio;  river,  heading  above  Lares  and  flowing  north  to  its  mouth  near 

Quebradillas  on  north  coast.     Length  18  miles. 
Guama;   barrio  in  municipal  district  San  German,  department  of  Mayagnez. 

Population  1,188. 
Guamani;   barrio  in  municipal  district  Guayama,  department  of  Guayama. 

Population  1,360. 
Guamani,  Rio:  a  small  stream  in  the  southern  part  of  the  island. 
Guanabanas;  barrio  in  municipal  district  Aguada,  department  of  Aguadilla. 
Guanabo,  Rio;  a  right-hand  branch  of  Bayamon  River  in  Bayamon  department 
Guanaguilla;  barrio  in  municipal  district  Aguada,  department  of  Aguadilla. 
Guanajibo;  barrio  in  municipal  district  Cabo  Rojo,  department  of  Mayagnez. 

Population  1,074. 
Guanajibo:  barrio  in  municipal  district  Hormigueros,  department  of  Mayagnez. 
Guanajibo;  barrio  in  municipal  district  Mayagnez,  department  of  Mayagnez. 

Population  1,032. 
Guanajibo,  Rio;  a  river  flowing  from  the  mountains  westward  to  the  west  coast. 

Length  2<'3  miles. 
Guananes;  Rio,  a  river  in  the  southeastern  part  of  the  island. 
Guanaquilla,  Piinta;  point  on  west  coast. 
Giiancha,  Punta;  point  on  south  coast,  near  Ponce. 
Guanica;  post  village  in  department  of  Ponce. 
Gnanica;  barrio  in  municipal  district  Yauco,  department  of  Ponce.    Population 

8,700. 
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Quanica,  Lacuna  de;  a  marshy  lake  in  the  southwestern  part  of  the  island. 

Quanica,  Puerto;  harhor  on  south  coast 

Guaonico;  barrio  in  municipal  district  U'uado.  department  of  Arecibo.  Popu- 
lation 771. 

Quara^uaos;  barrio  in  municipal  district  Ponce,  department  of  Ponce.  Popula- 
tion 1,771. 

Quarag^aos  Abajo;  barrio  in  municipal  district  Bayamon,  department  of  Baya- 
mon.    Population  837. 

Guara^uaos  Arriba;  barrio  in  municipal  district  Bayamon,  department  of  Baya- 
mon.   Population  681. 

Guaraguaos  de  Guaynabo;  barrio  in  municipal  district  Bayamon,  department 
of  Bayamon.    Population  768. 

Guardarraya:  barrio  in  municipal  district  Patillas.  department  of  Humacao. 
Population  l,Oia. 

Guasimas;  barrio  in  municipal  district  Arroyo,  department  of  Quayama. 

Guatemala;  barrio  in  municipal  district  San  Sebastian,  department  of  Aguadilla. 

Guatemala,  Bio;  a  right-hand  branch  of  Rio  Culebrinas;  in  the  northwest. 

Guavate;  barrio  in  municipal  district  Cayey,  department  of  Guayama. 

Guayabal;  barrio  in  municipal  district  Juana  Diaz,  department  of  Ponce.  Popu- 
lation 2,034. 

Guayabo;  barrio  in  municipal  district  Aguada,  department  of  Aguadilla. 

Guayabo  Dulce;  barrio  in  municipal  district  Adjuntas,  department  of  Ponce. 
Population  1,055. 

Guayabos;  barrio  in  municipal  district  Isabela,  department  of  Aguadilla.  Popu- 
lation 818. 

Guayabota:  barrio  in  municipal  district  Yabucoa,  department  of  Humacaa 
Population  904. 

Guayabote;  barrio  in  municipal  district  Patillas,  department  of  Humacao. 

Guayabota,  Cerro;  hills  in  Humacao  department. 

Guayacan;  barrio  in  municipal  district  Fajardo,  department  of  Humacao. 

Guayacan,  Punta;  point  on  island  off  southwest  coast. 

Guayama;  a  department  situated  in  the  southeastern  part  of  the  island.  Its  area 
is  561  square  miles,  and  its  population  111,986,  showing  a  density  of  300  inhab- 
itants per  square  mile.  As  to  race,  the  population  was  divided  in  the  propor- 
tions of  50.7  per  cent  white  and  49.3  per  cent  colored,  the  two  races  being 
nearly  equal  in  number.  Only  14  per  cent  of  the  area  of  the  department  was 
under  cultivation,  and  of  this  cultivated  area  'iS  per  cent  was  planted  in  cof- 
fee and  16  i>er  cent  in  sugar  cane.  Of  the  total  farm  area  79  per  cent  was 
owned  by  its  occupants,  and  but  21  per  cent  rented. 

Guayama:  municipal  district  in  department  of  Guayama.  Area  64  square  miles. 
Population  12,749. 

Guayama;  coastcity  and  post-oftice  in  department  of  Guajrma.    Population  5.334. 

Guayama;  bay  on  south  coast. 

Guayanes;  barrio  in  municipal  district  Yabucoa,  department  of  Humacao. 
Population  801. 

Guayanilla;  municipal  district  in  department  of  Ponce.  Area  47  square  miles. 
Population  9,540. 

Guayanilla;  post  village  in  department  of  Ponce. 

Guayanilla,  Ensenada  de;  harbor  on  southern  coast. 

Guayanilla,  Bio;  a  stream  in  the  southern  part  of  the  island  flowing  into  the  aea 
at  Guayanilla 

Guaynabo;  barrio  in  municipal  district  Bayamon.  department  of  Bayamon.  Pop- 
ulation 465. 

Guayo;  barrio  in  municipal  district  Adjuntas,  department  of  Ponoe. 
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Ghiayo,  Cerro  del;  monntains  in  northern  part  of  Ponce  department 

Querrero;  barrio  in  municipal  district  Agnaclilla,  department  of  Aguadilla.  Pop- 
ulation 638. 

Guerrero;  barrio  in  municipal  district  Isabela,  department  of  Ag^iadilla.  Popula- 
tion 753. 

Guilarte;  barrio  in  municipal  district  Adjuntas,  department  ot  Ponce.  Popula- 
tion 1,019. 

Ouilarte,  Bio  de;  a  head  branch  of  Rio  Blanco  in  the  northwest 

Quilarte,  Cerro;  mountains  in  the  western  part  of  Ponce  department.  Altitude 
3,608  feet 

Qurabo;  municipal  district  in  department  of  Guayama.  Area  28  square  miles. 
Population  8,700. 

Qurabo;  interior  city  and  post-office  in  department  of  Quayama.    Population  1,309. 

Qurabo  Abajo;  barrio  in  municipal  district  Juncos,  department  of  Guayama. 

Qurabo  Arriba;  barrio  in  municipal  district  J  uncos,  department  of  Guayama. 

Qurabo,  Bio;  a  left-hand  branch  of  Loiza  River. 

Qurabo,  Bio;  a  right-hand  branch  of  Loiza  River. 

Quzman  Abajo;  barrio  in  municipal  district  Rio  Grande,  department  of  Bayamon. 
Population  1,378. 

Quzman  Arriba:  barrio  in  municipal  district  Rio  Grande,  department  of  Baya- 
mon.   Population  1,047. 

Habana,  Boca;  entrance  to  Rio  de  la  Plata  on  north  coant,  near  Dorado. 

Hatillo;  municipal  district  in  department  of  Arecibo.  Area  39  square  miles. 
Population  10,449. 

Hatillo;  post  village  in  department  of  Arecibo. 

Hatillo;  barrio  in  municipal  district  Ailasco,  department  of  Mayaguez. 

Hato;  barrio  in  municipal  district  San  Lorenzo,  department  of  Guayama.  Popu- 
lation 1,028. 

Hato  Abajo;  barrio  in  municipal  district  Arecibo,  department  of  Arecibo.  Popu- 
lation 1,869. 

Hato  Arriba;  barrio  in  municipal  district  Arecibo,  department  of  Arecibo. 
Population  1,751. 

Hato  Arriba;  bario  in  municipal  district  San  Sebastian,  department  of  Agua- 
dilla.    Population  653. 

Hato  Nuevo;  barrio  in  municipal  district  Gurabo,  department  of  Guayama. 
Population  1,361. 

Hato  Nueva:  barrio  in  municipal  district  Rio  Piedras,  department  of  Bayamon. 
Population  6«3. 

Hato-Puerco;  barrio  in  municipal  district  Loiza,  department  of  Bayamon.  Popu- 
lation 3,139. 

Hato-Puerco  Abajo;  barrio  in  municipal  district  J  nana  biaz,  department  of 
Ponce.     Population  991. 

Hato-Puerco  Arriba;  barrio  in  municipal  district  .luana  Diaz,  department  of 
Ponce,    Population  1,496. 

Hato  Bey:  barrio  in  municipal  district  Rio  Piedras,  department  of  Bayamon. 
Poptdation  1,324. 

Hato  Teja;  barrio  in  municipal  district  Bayamon,  department  of  Bayamon.  Pop- 
ulation 1,358. 

Hato  Viejo:  barrio  in  municipal  district  Arecibo,  department  of  Arecibo.  Popu- 
lation 2,588. 

Hato  Viejo;  barrio  in  municipal  district  Ciales,  department  of  Arecibo.  Popu- 
lation 1 ,800. 

Hato  Viejo:  barrio  in  municipal  district  Rio  Grande,  department  of  Bayamon. 
Population  473. 
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Helechal:  barrio  in  mtmicipal  district  Barranqnitas,  department  of  Ponce.  Pop- 
olation  1,485. 

Herrera;  barrio  in  municipal  district  Rio  Orande,  department  of  Bavamon. 
Population  221. 

Herrera,  Bio:  a  small  stream  in  the  northeastern  part  of  the  island. 

Hicacos;  island  off  the  northeast  coast. 

Hicacos,  Cerro;  mountains  in  Humacao  depai  tment. 

Higuey;  barrio  in  monicipal  district  Aguadilla,  department  of  A^r^iadilla. 

HiguiUar;  barrio  in  municipal  district  Dorado,  department  of  Bayamon.  Popu- 
lation 820. 

Hoconuco  Alto;  barrio  in  municipal  district  San  German,  department  of  Maya- 
gnez,    Popalation  943. 

Hoconuco  Bajo:  barrio  in  municipal  district  San  G^erman,  department  of  Maya- 
gaez.     Population  1,047. 

Hoconuco,  Bio;  a  right-hand  branch  of  Rio  Guanajibo,  in  the  western  part  of  the 
island. 

Honda  Ensenada;  harbor  on  the  east  coast,  near  Ceiba. 

Hondo,  Cayo:  islet  off  the  southern  coast,  near  Guanica. 

Hondo,  Bio:  a  small  stream  flowing  to  the  f^  in  the  northwestern  part  of  the 
island. 

Hondura;  barrio  in  municipal  district  Cidra,  department  of  Guayama. 

Honduras;  barrio  in  municipal  district  Barranquitas,  department  of  Ponce. 
Population  802. 

Hormigueros:  municipal  district  in  department  of  Mayaguez.  Area  12  square 
miles.     Population  3,215. 

Hormigueros;  barrio  in  municipal  district  Hormigueros,  department  of  Maya- 
guez. 

Hoya  Mala;  barrio  in  municipal  district  San  Sebastian,  department  of  Aguadilla. 
Population  1,215. 

Hoyo-Mulas;  barrio  in  municipal  district  Carolina,  de^iartment  of  Bayamon. 
Population  1,245. 

Hucares;  barrio  in  municipal  district  Nasruabo,  department  of  Humacao.  Popu- 
lation 826. 

Humacao;  a  department  occupying  most  of  the  eastern  end  of  the  island.  Its 
area  is  329  square  miles,  and  its  population  88,501,  showing  a  density  of 
population  of  214  per  s([uare  mile.  As  to  race,  the  population  is  divided  in 
proportion  of  46. 1  per  cent  white  and  53.9  per  cent  colored,  this  department 
having  a  larger  proportion  of  colored  than  any  other.  Of  the  total  area  only 
15  per  cent  was  under  cultivation.  Of  this  cultivated  area  53  per  cent,  or 
considerably  more  than  one-half,  was  planted  in  sugar  cane,  and  9  per  cent 
only  in  coffee.  Of  the  total  farm  area  84  per  cent  was  owned  by  its  occu- 
pants, the  remaining  16  per  cent  being  rented. 

Humacao;  municipal  district  in  department  of  Humacao.  Area  88  square  miles. 
Population  14,313. 

Humacao;  city  and  post-oflice  in  department  of  Humacao,  situated  near  coast. 
Population  4,428. 

Humacao,  Bio  de:  a  small  stream  in  the  southeastern  part  of  the  island. 

Humala,  Bio:  a  small  ri^ht-hand  branch  of  Rio  Blanco,  in  the  northwestern  part 
of  the  island. 

Humatas;  barrio  in  municipal  district  Aiiasco,  department  of  Mayaguez. 

Iglesia;  barrio  in  municipal  district  Aguadilla,  department  of  Aguadilla. 

Inabon,  Bio:  a  small  stream  in  the  southern  part  of  the  island. 

Indiera  Alta:  barrio  in  municipal  district  Maricao,  department  of  Mayaguez. 
Population  1,145. 


GANNETT.]  A   GAZETTEER    OF   PORTO    RTCO.  31 

Indiera  Baja;  barrio  in  manicipal  district  Maricao,  department  of  Mayagnez. 
Population  938. 

Indiera  Frios;  barrio  in  manicipal  district  Maricao,  department  of  Mayagnez. 
Population  1,165. 

Indiera,  Sierra  de  la;  short  range  of  mountains  in  eastern  part  of  Mayagnez 
department. 

Indio,  Punta  del;  point  on  eastern  coast. 

Indios;  barrio  in  municipal  district  Guayanilla,  department  of  Ponoe. 

Ingenio,  Bio  del;  a  small  stream  in  the  southeastern  part  of  the  island. 

Inglesia,  Punta  de  la;  point  on  north  coast  near  Loiza. 

Insua  Alta;  barrio  in  municipal  district  Yauco,  department  of  Ponce. 

Insua  Baja;  barrio  in  municipal  district  Yauco,  department  of  Ponce.  Popula- 
lation  811. 

Isabela;  municipal  district  in  department  of  Aguadilla.  Area  58  sciuare  miles. 
Population  14,888. 

Isabela;  poet  village  in  department  of  Aguadilla. 

Isabel  de  Cabras,  Punta;  point  on  south  coast. 

laolete;  barrio  in  municipal  district  Arecibo,  department  of  Arecibo.  Population 
2,498. 

Isolina;  post  village  in  department  of  Arecibo. 

Jacaboa;  barrio  in  manicipal  district  Patillas,  department  of  Humacao. 

Jacabos,  Bio:  a  small  stream  in  the  southeastern  part  of  the  island. 

Jacaguas;  barrio  in  the  municipal  district  Jnana  Diaz,  department  of  Ponce. 

Jacaguas,  Bio;  a  river  heading  in  the  divide  and  flowing  to  the  south  coast. 
Length  20  miles. 

Jacana;  barrio  in  niunioipal  district  Yabucoa,  department  of  Humacao.  Popu- 
lation 1,101. 

Jacana;  barrio  in  municipal  district  Yauco,  department  of  Ponce. 

Jacome  Alto:  barrio  in  municipal  district  Cayey.  department  of  Guayama. 
Population  1,246. 

Jacome  Bajo:  barrio  in  manicipal  district  Cayey,  department  of  Quayama. 

Jagua:  barrio  in  municipal  district  Ciales,  department  Arecibo.  Population 
1,264. 

Jagua;  barrio  in  municipal  district  G-uayanilla,  department  of  Ponce. 

Jagua:  barrio  in  municipal  district  Gurabo,  department  of  Guayama.  Popula- 
tion S68. 

Jagua;  barrio  in  municipal  district  Peiluelas,  department  of  Ponce.  Population 
971. 

Jagual;  barrio  in  municipal  district  Gurabo,  department  of  Guayama. 

Jagual;  barrio  in  manicipal  district  Patillas,  department  of  Humacao. 

Jagual:  barrio  in  municipal  district  San  Lorenzo,  department  of  Guayama. 
Population  1,024. 

Jagua-Pasto:  barrio  in  municipal  district  Guayanilla,  department  of  Ponce. 

Jag^ey:  barrio  in  municipal  district  Rincon,  department  of  Aguadilla.  Popula- 
tion 57(U 

Jaguey:  barrio  in  municripal  district  Aguada,  department  of  Aguadilla. 

Jagueyes;  barrio  in  municipal  district  Aguas  Huenas,  department  of  Guayama. 

Jaguita;  barrio  in  municipal  district  Hormigueros,  department  of  Mayagnez. 

Jajome,  Sierra  de;  mountains  in  department  of  Guayama. 

Jajome,  Bio;  a  branch  of  Rio  de  la  Lapa,  in  the  southern  part  of  the  island. 

Jauca,  No8.  1  and  2;  barriocr  in  municipal  district,  Santa  Isabel,  department  of 
Ponce. 

Jayuya;  post  village  in  department  of  Arecibo. 

Jayuya  Abajo;  barrio  in  municipal  district  Utuado,  department  of  Arecibo. 
Population  3,597. 
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Jayuya  Arriba;  barrio  in  municipal  district  Utuado,  department  of  Arecibo. 
Poptdation  5,700. 

Jayuya,  Sierra  del;  mountains  in  southeastern  part  of  department  of  Arecibo. 

Jihuero,  Punta  del;  point  on  west  coast. 

Jiminez;  barrio  in  municipal  district    Rio  Grande,  department   of  Bayamon. 
Population  1,773. 

Jobos;  barrio  in  municipal  district  Guayama,  department  of  Guayama.     Popula- 
tion 1,186. 

Jobos;  barrio  in  municipal  district  Isabela,  department  of  Aguadilla.     Popula- 
tion 1,551. 

Jobos,  Puerto  de:  harbor  on  south  coast. 

JoUin,  Cerro;  hills  in  department  of  Ponce. 

Juana  Diaz;  municipal  district  in  department  of  Ponce.    Area  105  square  miles. 
Population  27,896. 

Juana  Diaz;  city  and  post-office  in  department  of  Ponce.     Population  2.24G. 

Juan  Alonso;  barrio  in  municipal  district  Mayaguez.  department  of  Mayagnez. 
Population  1.041. 

Juan  Asencio;  barrio  in  municipal  district  Aguas  Buenas.  department  of  Guay- 
ama. *  Population  1 .029. 

Juan  Gonzalez;  barrio  in  municipal  district  Adjuntas.  department  of  Ponce. 

Juani  Quebrada;  ravine  on  north  coast,  near  Quebradillas. 

Juan  Martin;  barrio  in  municipal  district  Yabucoa,  department  of  Humiicao. 
Population  1,473. 

Juan  Martinez:  barrio  in  municipal  district  Fajardo,  department  of  Hnmacao. 

Juan  Sanchez;  barrio  in  municipal  district  Bayamon.  department  of  Bayamon. 
Population  926. 

Jueyes,  Bio;  a  small  stream  in  the  southern  part  of  the  island. 

Juncal;  barrio  in  municipal  district  San  Sebastian,  department  of  Aguadilla. 
Population  761. 

Juncos;  municipal  district  in  dei)artment  of  Guayama.    Area  'iS  square  miles. 
Population  8,429. 

Juncos;  interior  city  and  post-office  in  department  of  Guayama.    Population 
2,026. 

Lagunas;  barrio  in  municipal  district  Aguada,  department  of  Aguadilla.    Popu- 
lation 753. 

Lajas:  municipal  district  in  department  of  Mayaguez.    Area  48  square  miles. 
Population  8,789. 

Lajas;  interior  city  and  post-office  in  department  of  Mayaguez.     Population  1,385. 

Lajas,  Rio;  a  left-hand  tributary  of  Rio  Blanco  in  the  northwest. 

Lajas  Arriba;  barrio  in  municipal  district  Lajas,  department  of  Mayaguez. 
Population  1.152. 

Lapa;  barrio  in  municipal  district  Cayey,  department  of  Guayama. 

Lapa:  barrio  in  municipal  district  Salinas,  department  of  Guayama.     Population 
1,019. 

Lapa,  Bio  de  la;  a  stream  flowing  southward  from  the  divide  to  the  sea  at  Salinas. 

Lares;  municipal  district  in  department  of  Aguadilla.     Area  48  square  miles. 
Population  20.883. 

Lares;  interior  city  and  post-office  in  department  of  Aguadilla.    Populatf  on  3,714. 

Lares;  barrio  in  municipal  district  Lares,  department  of  Aguadilla.    Population 
1,954. 

Las  Marias:  municipal  district  in  department  of  Mayaguez.     Area  39  scjnare 
miles.     Population  11,279. 

Las  Marias;  post  village  in  department  of  Mayaguez. 

Las  Palmas;  barrio  in  municipal  district  Utuado,  department  of  Arecibo.     Popu- 
lation 647. 
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Latorre;  barrio  in  municipal  district  Lares,  department  of  Agnadilla.  Popula- 
tion 2,008. 

Latorre,  Cerro:  hills  in  southeastern  part  of  department  of  MayaKuez. 

Laurel:  barrio  in  municipal  district  Arroyo,  department  of  Gnayauia.  Popula- 
tion 1,333. 

Lavadero;  barrio  in  municipal  district  Hormigueros,  department  of  Mayaguez. 

Leguisamo;  biirrio  in  municipal  district  Mayaguez,  department  of  Mayaguez. 
Population  1,228. 

Leniani,  Bio;  a  head  branch  of  Rio  Blanco  in  the  northwestern  part  of  the 
island. 

Lenia,  Punta  de  la;  point  on  southeast  coast. 

Limani;  barrio  in  municipal  district  Adjuntas,  department  of  Ponce.  Po[)ula- 
tion  1,075. 

Limon;  barrio  in  municipal  district  Mayaguez.  department  of  Mayaguez.  Popu- 
lation 870. 

Limon;  barrio  in  municipal  district  Utuado,  department  of  Arecibo.  Popula- 
tion 857. 

Limon,  Altos  del;  mountains  in  Mayaguez  department. 

Limon,  Bio;  a  right-hand  branch  of  Arecibo  River  in  department  of  Arecibo. 

Limones;  barrio  in  municipal  district  Yabucoa,  department  of  Humacao.  Popu- 
lation 1,139. 

Limones,  Bio;  a  small  stream  in  the  southeastern  part  of  the  island. 

Lirios;  barrio  in  municipal  district  Juncos,  department  of  Guayama.  Popula- 
tion 815. 

Lizas;  barrio  in  municipal  district  Maunabo.  department  of  Humacao. 

Llanadas;  barrio  in  municipal  district  Isabela.  department  of  Agnadilla.  Popu- 
lation 1,564. 

Liana,  Sierra;  mountains  in  Mayaguez  department. 

Llano;  barrio  in  municipal  district  Aibonito,  department  of  Ponce. 

Llano;  barrio  in  municipal  district  Guayanilla,  department  of  Ponce. 

Llanos;  barrio  in  municipal  district  Coamo.  department  of  Ponce.  Population 
1,064. 

Llanos;  barrio  in  municipal  district  Lajas,  department  of  Mayaguez. 

Llanos  Costa;  barrio  in  municipal  district  Cabo  Rojo,  department  of  Mayaguez. 
Population  867. 

Llanos  Tuna;  barrio  in  municipal  district  Cabo  Rojo,  department  of  Mayaguez. 
Population  2,976. 

Llaurel,  Sierra  del;  hills  in  department  of  Guayama. 

Llave;  barrio  in  municipal  district  Vieques,  department  of  Humacao.  on  Isla  de 
Vieques. 

Loina;  barrio  in  municipal  district  Naranjito,  department  of  Bayamon.  Popu- 
lation 994. 

Loiza;  post  village  in  department  of  Bayamon. 

Loiza;  municipal  district  in  department  of  Bayamon.  Area  60  square  miles. 
Population  12,522. 

Loiza,  Bio  Qrande  de;  river  in  northeastern  part  of  the  island  heading  in  the 
main  mountain  range  and  flowing  generally  northeast  to  its  mouth  at  Loiza. 
Length  40  miles. 

Lomas;  barrio  in  municipal  district  Juana  Diaz,  department  of  Ponce. 

Lomas;  barrio  in  municipal  district  Loiza,  department  of  Bayamon.  Population 
1,614. 

Los  Cearos,  Quebrada;  small  stream  in  northern  part  of  Agnadilla  department. 

Los  Farallones;  small  islands  off  north  coast,  near  Quebradillas. 

Luquillo;  post  village  in  department  of  Humacao. 
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Luquilla,  Sierra  de;  short  range  in  northeastern  part  of  island. 

Mabille,  Bio;  a  right-hand  branch  of  Cibnco  River,  in  Bayamon  department 

Mabu;  barrio  in  municipal  district  Humacao,  department  of  Hninacao. 

Macana;  barrio  in  manicipal  district  Gnayanilla,  department  of  Ponce. 

Macana;  barrio  in  municipal  district  Pefiaelas,  department  of  Ponce.     Popula- 
tion 1,025. 

Macana,  Bio;  a  small  stream  in  the  southern  part  of  the  island. 

Machete;  barrio  in  municipal  district  Guayama,  department  of  Gnayama.    Pop- 
ulation 368. 

Macho,  Ensenada;  open  roadstead  on  east  coast. 

Machose;  barrio  in  municipal  district  Fajardo,  department  of  Humacao. 

Machuchal ;  barrio  in  municipal  district  Sabana  Grande,  department  of  Haya- 
guez.    Population  099. 

Machuelo  Abajo;   barrio  in  municipal  district  Ponce,  dex>artuient  of  Ponce. 
Population  1,893. 

Machuelo  Arriba;  barrio  in  municipal  district  Ponce,  department  of  Ponce. 
Population  1,413. 

Magas;  barrio  in  municipal  district  Guayanilla,  department  of  Ponce. 

Magos;  barrio  in  municipal  district  San  Sebastian,  department  of  Aguadilla. 

Magoyo,  Cerro:  hills  in  southeastern  part  of  department  of  Arecibo. 

Maguayo;  barrio  in  municipal  district  Dorado,  department  of  Bayamon.    Popu- 
lation 764. 

Magrueyes;  barrio  in  municipal  district  Corozal,  department  of  Bayamon.     Pop- 
ulation 849. 

Maguey ea;  barrio  in  municipal  district  Ponce,  deparrtment  of  Ponce.    Popula- 
tion 1,171. 

Magueyes,  Isla;  islet  off  southwest  coast. 

Maizales;  barrio  in  municipal  district  Nag^iabo,  department  of  Humacao.    Popu- 
lation 1,060. 

Majagua,  Ensenada;  open  roadstead  on  east  coast. 

Mala  Paacua,  Cabo;  cape  on  southeast  coast  near  Maunabo. 

Malesas  Alta;  barrio  in  municipal  district  Aguadilla,  department  of  Aguadilla. 
Population  784. 

Malesas  Baja;  barrio  iu  municipal  district  Aguadilla,  department  of  Aguadilla. 
Population  905. 

Malezas;  barrio  in  municipal  district  Mayaguez,  department  of  Mayaguez. 

Maldonado,  Punta;  point  on  north  coast,  east  of  San  Juan. 

Malo,  Cerro;  mountains  in  western  part  of  department  of  Ponce. 

Mal-paso;  barrio  in  municipal  district  Aguada,  department  of  Ag^iadilla. 

Mambiche:  barrio  in  municipal  district  Humacao,  department  of  Humacao. 

Mamey;  barrio  in  municipal  district  Gurabo,  department  of  Guayama.     Popula- 
tion 080. 

Mamey;  barrio  in  municipal  district  Juncos,  department  of  Guayama. 

Mamey;  barrio  in  municipal  district  Patillas,  department  of  Humacao. 

Mamey;  barrio  in  municipal  district  Rio  Piedras,  department  of  Bayamon.    Pop- 
ulation 036. 

Mamey;  barrio  in  municipal  district  Aguada,  department  of  Aguadilla.    Popula- 
tion 558. 

Mameyal;  barrio  in  municipal  district  Dorado,  department  of  Bayamon.     Popu- 
lation 169. 

Mamey,  Cuchilla  del;  hills  near  Manuabo. 

Mameyes;  post  village  in  department  of  Bayamon. 

Mamey es;  barrio  in  municipal  district  Rio  Grande,  department  of  Bayamoo. 
Population  2,070. 
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Mameyes;  barrio  in  municipal  district  Utnado,  department  of  Arecibo.  Popu- 
lation 4,268. 

Mameyes,  Punta;  point  on  north  coast  near  Dorado. 

Mameyes,  Bio;  small  stream  in  the  northeastern  part  of  the  island. 

Manati;  municipal  district  in  department  of  Arecibo.  Area  51  square  miles. 
Population  13,989. 

Manati;  city  and  post-office  in  department  of  Arecibo,  situated  near  coast.  Pop- 
ulation 4,494. 

Manati,  Punta  de;  point  at  mouth  of  Manati  River  on  north  coast. 

Manati,  Bio;  a  river  heading  in  the  main  mountain  range  and  flowing  north  to 
the  coast  near  Barceloneta.    Length  following  up  the  Bauta  branch,  29  miles. 

Manguilla,  Punta;  point  on  south  coast  near  Guanica. 

Manquitas,  Isla  de  las;  Islet  off  southern  coast,  west  of  Ponce. 

Manuel,  Pozo  de;  harbor  on  north  coast,  near  Hatillo. 

Maracuto,  Bio;  a  right-hand  branch  of  Loiza  River. 

Maraguez;  barrio  in  municipal  district  Ponce,  department  of  Ponce.  Population 
1,756. 

Maravilla;  barrio  in  municipal  district  Las  Marias,  department  of  Mayaguez. 

Maravillas,  Garros;  mountains  in  northern  part  of  department  of  Ponce. 

Maresua;  barrio  in  municipal  district  San  German,  department  of  Mayaguez. 

Maria;  barrio  in  municipal  district  Corozal,  department  of  Bayamon.  Popula- 
tion 1,133. 

Maria:  barrio  in  municipal  district  Moca,  department  of  Aguadilla.  Population 
1,062. 

Mariana;  barrio  in  municipal  district  Naguabo,  department  of  Humacao.  Popu- 
lation 1,280. 

Mariana,  Cerro;  hills  near  Patillas. 

Marianao;  barrio  in  municipal  district  Humacao,  department  of  Humacao. 
Population  1,296. 

Marias;  barrio  in  municipal  district  Aguada,  department  of  Aguadilla.  Popu- 
lation 746. 

Marias;  barrio  in  municipal  district  Afiasco,  department  of  Mayaguez. 

Marias,  Piinta  de  las;  point  on  north  coast,  east  of  San  Juan. 

Maricao;  municipal  district  in  department  of  Mayaguez.  Area  41  square  miles. 
Population  8,312. 

Maricao;  interior  city  and  post-office  in  department  of  Mayaguez.  Population 
1,179. 

Maricao;  barrio  iu  municipal  district  Vega  Alta,  department  of  Bayamon.  Popu- 
lation 741. 

Maricao  Afuera;  barrio  in  municipal  district  Maricao,  department  of  Mayaguez. 
Population  1 ,390. 

Maricayo,  Punta;  point  on  north  coast,  in  department  of  Arecibo. 

Marina;  barrio  in  municipal  district  San  Juan,  department  of  Bayamon.  Popu- 
lation 2,144. 

Marina  Meridional;  barrio  in  municipal  district  Mayaguez,  department  of 
Mayaguez.    Population  1,611. 

Marina  C(eptentrional;  barrio  in  municipal  district  Mayaguez,  department  of 
Mayaguez.    Population  2,934. 

Maronguey,  Punta;  point  on  northern  shore,  east  of  Arecibo. 

Martin  Qonzales;  barrio  in  municipal  district  Carolina,  department  of  Bayamon. 
Population  708. 

Marueiio;  barrio  in  municipal  district  Ponce,  department  of  Ponce.  Population 
1,105. 

Marunguey,  P\inta;  point  on  east  coast,  near  Fajardo. 

Marungueyes,  Playas;  beach  on  north  shore,  east  of  Arecibo. 


86  A    OAZETTEEB   OF   POBTO   RICO.  [bcu-IjO. 

Masas;  barrio  in  manicipal  district  Gurabo,  department  of  Gnayama. 

Mata  de  Cafla;  barrio  in  manicipal  district  Barros,  department  of  Ponce. 

Mata  de  Platano;  barrio  in  municipal  district  Rio  Grande,  department  of  Baya* 
mon.    Population  717. 

Matagorda,  Punta  de;  point  on  south  coast. 

Mataredonda,  Punta:  point  on  east  coast.' 

Matei,  Isla;  island  off  south  coast. 

Maton;  barrio  in  municipal  district  Patillas,  de^mrtment  of  Humacao. 

Maton  Abajo;  barrio  in  municipal  district  Cayey,  department  of  Gnayama. 

Maton  Arriba;  barrio  in  municipal  district  Cayey,  department  of  Guayania. 

MatruUa,  Bio;  a  branch  of  Manati  River  in  department  of  Arecibo. 

Matuyas  Alto;  barrio  in  municipal  district  Maunabo,  department  of  Humacao. 

Matuyas  Bajo;  barrio  in  municipal  district  Maunabo,  department  of  Humacao. 

Maunabo;  municipal  district  in  department  of  Humacao.  Area  19  square  miles. 
Population  6/221. 

Maunabo;  city  and  post-office  in  department  of  Humacao,  situated  near  coas'' 
Population  1,277. 

Maunabo,  Puerto  de;  harbor  on  southeast  coast 

Maunabo,  Bio;  A  small  stream  in  the  southeast  part  of  the  island. 

Mayaguez;  a  department  occupying  most  of  the  western  end  of  the  island.  Its 
area  is  395  square  miles,  and  its  population  127.566.  The  density  of  popula- 
tion is  313  per  square  mile.  As  to  race,  the  population  is  divided  in  the  pro- 
portions of  64.3  per  cent  white  and  35.7  yer  cent  colored.  Of  the  total  area, 
31  per  cent  was  under  cultivation.  Of  this  cultivated  area  not  less  than  54 
per  cent  was  plante  1  in  coffee  trees,  and  but  12  per  cent  in  sugar  cane.  Of 
the  total  farm  area.  94  per  cent  was  owned  by  its  occupants,  and  but  6  per 
cent  was  rented. 

Mayaguez;  municipal  district  in  department  of  Mayaguez.  Area  48  square 
miles.    Population  85,700. 

Mayaguez;  coast  city  and  x)ost-office  in  department  of  Mayaguez.  Population 
15,187. 

Mayaguez  Arriba;  barrio  in  municipal  district  Mayaguez,  department  of  Maya- 
guez.   Population  2,187. 

Media  Luna;  barrio  in  municipal  district  Toa  Baja,  department  of  Bayamon. 
Population  598. 

Mediania;  barrio  in  municipal  district  Loiza,  department  of  Bayamon.  Popula- 
tion 2,296. 

Medio  Mundo,  Isla;  island  off  eastern  coast,  near  Ceiba. 

Medio  Mundo,  Punta;  point  on  island  of  same  name  off  east  coast. 

Melones,  Punta;  point  on  southwest  coast. 

Membrillo;  barrio  in  municipal  district  Camuy,  department  of  Arecibo.  Popu- 
lation 769. 

Mercado;  barrio  in  municipal  district  San  Juan,  department  of  Bayamon.  Pop- 
ulation 2,038. 

Mesa,  Cuchilla  de  la;  hills  in  department  of  Ponce. 

Millan,  Cerro;  hills  near  Yabucoa. 

Mina,  Cerro  de  la:  mountains  in  Humacao  department. 

Minas,  Cerro  de  las;  hills  near  Coamo. 

Minillas;  barrio  in  municipal  district  Bayamon,  department  of  Bayamon.  Pop- 
ulation 1 ,000. 

Minillas;  barrio  in  municipal  district  San  German,  dei)ai'tment  of  Mayaguez. 
Population  1,657. 

Miquillo,  Punta;  point  on  north  coast  near  Rio  Grande. 

Mirabeles;  barrio  in  municipal  district  San  Sebastian,  department  of  AgoadiUa. 
Population  404. 
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Miradero;  barrio  in  mnnicipal  district  Cabo  Rojo,  department  of  Mayagnez. 
Population  2.011. 

Miradero;  barrio  in  mnnicipal  district  Mayagnez,  department  of  Mayagnez. 
Population  1.268. 

Miraflores;  barrio  in  municipal  district  Arecibo,  department  of  Arecibo.  Pop- 
ulation 1,416. 

Miraflores,  Isla;  island  in  San  Juan  Harbor  on  north  coast. 

Mirasol;  barrio  in  municipal  district  Lares,  department  of  Aguadilla.  Popula- 
tion 1,027. 

Moca;  municipal  district  in  department  of  Aguadilla.  Area  26  square  miles. 
Population  12,410. 

Moca;  interior  city  in  department  of  Aguadilla.    Population  1,470. 

Moja  Casabe,  Punta;  point  on  southwestern  coast. 

Molino,  Punta  del;  point  on  southwestern  coast. 

Mona,  Isla;  island  in  the  Windward  Passage,  west  of  Porto  Rico.    A  barrio  in 

municipal  district  Mayagnez.  department  of  Mayagnez.    Population  6. 

Monacillo;  barrio  in  municipal  district  Rio  Piedras,  department  of  Bayamon. 
Population  1,295. 

Montana;  barrio  in  municipal  district  Aguadilla,  department  of  Aguadilla.  Pop- 
ulation 633. 

Monte  Qrande;  barrio  in  municipal  district  Cabo  Ro jo.  de[)artmeut  of  Mayagnez. 
Population  2,019. 

Monte  Llano;  barrio  in  municipal  district  Cayey.  department  of  Guayama. 

Monte  Llano;  barrio  in  municipal  district  Cidra,  department  of  Guayama. 

Monte  Llano;  barrio  in  municipal  district  Morovis,  department  of  Arecibo.  Pop- 
ulation 466. 

Montes  Llanos;  barrio  in  municipal  district  Ponce,  department  of  Ponce.  Pop- 
ulation 964. 

Montes  Llanos,  Sierra  de;  mountains  in  department  of  Ponce. 

Montones  Abajo;  barrio  in  municipal  district  Piedras.  department  of  Humacao. 
Population  899. 

Montones  Arriba;  barrio  in  municipal  district  Piedras.  department  of  Humacao. 
Population  937. 

Montoso;  barrio  in  municipal  district  Maricao,  department  of  Mayaguez.  Pop- 
ulation 1,146. 

Montoso,  Cerro;  mountains  in  the  eastern  part  of  Mayaguez  department. 

Mora;  barrio  in  municipal  district  Isabela,  department  of  Aguadilla.  Popula- 
tion 972. 

Morales,  Cerro;  hills  in  southeastern  part  of  department  of  Arecibo. 

Morovis;  municipal  district  in  department  of  Arecibo.  Area  66  square  miles. 
Population  11,309. 

Morovis;  interior  city  and  post-office  in  department  of  Arecibo.  Population 
1,064. 

Morovis  Norte;  Barrio  in  municipal  district  Morovis,  department  of  Arecibo. 
Population  821. 

Morovis  Sur;  barrio  in  municipal  district  Morovis.  department  of  Arecibo. 
Population  487. 

Mosquito;  barrio  in  municipal  district  Vieques,  department  of  Humacao. 

Mucarabonaz;  barrio  in  municipal  district  Toa  Alta,  department  of  Bayamon. 
Population  954. 

Muertos,  Cerro  de  los;  hills  in  the  department  of  Ponce,  near  Coamo. 

Mulas;  barrio  in  municipal  district  Aguas  Buenas,  department  of  Guayama. 

Mulas;  barrio  in  municipal  district  Patillas,  department  of  Humacao.  Popula- 
tion 823. 
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Mulita;  barrio  in  mnnicipal  district  Agoas  Bnenas,  department  of  Gnayama. 
Population  752. 

Kagfuabo;  municipal  district  in  department  of  Homacao.  Area  39  sqnare  miles. 
Population  10.878. 

Kagruabo;  coast  city  and  post-office  in  department  of  Humacao.    Population  1 ,812. 

Kag^uabo,  Puerto  de;  harbor  on  southeast  coast. 

Karanjales;  barrio  in  municipal  district  Las  Marias,  department  of  Mayaguez. 

Karanjales;  barrio  in  municipal  district  Mayaguez,  department  of  Mayaguez. 

Karanjal,  Sierra  de:  mountains  in  eastern  part  of  Mayaguez  district. 

Karanjito;  municipal  district  in  department  of  Bayamon.  Area  35  square  miles. 
Population  8,101. 

Karanjito;  post  village  in  department  of  Bayamon. 

Karanjito;  barrio  in  municipal  district  Hatillo,  department  of  Arecibo.  Popula- 
tion 966. 

Karanjito,  Rio;  a  left-hand  branch  of  Rio  de  la  Plata,  in  Bayamon  department 

KaranjitoB,  Rio;  a  right-hand  tributary  of  Arecibo  River,  in  Axecibo  department. 

Karanjo;  barrio  in  municipal  district  Comerio,  department  of  Gnayama.  Popu- 
lation 815. 

Karanjo;  barrio  in  municipal  district  Fajardo,  department  of  Humacao. 

Karanjo;  barrio  in  municipal  district  Moca,  department  of  Aguadilla.  Popula- 
tion 966. 

Karanjo;  barrio  in  municipal  district  Yauco,  department  of  Ponce.  Population 
1,358. 

Karanjo;  barrio  in  municipal  district  Aguada,  department  of  Aguadilla.  Popu- 
lation 923. 

Kavajas,  Cerro;  hills  in  southeastern  part  of  department  of  Arecibo. 

Kavarro;  barrio  in  mnnicipal  district  Gurabo,  department  of  Gnayama. 

Kegros;  barrio  in  municipal  district  Corozal,  department  of  Bayamon.  Popula- 
tion 818. 

Kegros,  Rio  de  los;  a  right-hand  tributary  to  Cibucu  River,  in  Bayamon  depart- 
ment. 

Korzagaray ;  barrio  in  mnnicipal  district  San  Sebastian,  department  of  Aguadilla. 

Kovillo;  barrio  in  municipal  district  Vega  Alta,  department  of  Bayamon.  Pop- 
ulation 982. 

Kovillo,  Cerro;  mountains  in  northwestern  part  of  Ponce  department. 

Kr.evo;  barrio  in  municipal  district  Aguadilla,  department  of  Aguadilla.  Popu- 
lation 1,537. 

Kuevo;  barrio  in  municipal  district  Bayamon,  department  of  Bayamon.  Popula- 
tion 1,123. 

Kuevo;  barrio  in  municipal  district  Naranjito,  department  of  Bayamon.  Popula- 
tion 1,081. 

Kuevo,  Puerto;  open  roadstead  on  north  coast,  near  Vega  Baja. 

Obispo,  Isla;  island  off  east  coast. 

Oeste;  barrio  in  municipal  district  Ck>amo,  department  of  Ponce. 

Orocovis;  barrio  in  municipal  district  Barros,  department  of  Ponce. 

Ortiz;  barrio  in  municipal  district  Toa  Alta,  department  of  Bayamon.  Popula- 
tion 948. 

Ostiones,  Punta;  point  on  west  coast. 

Ovejas;  barrio  in  municipal  district  Anasco,  department  of  Mayaguez. 

Padilla;  barrio  in  municipal  district  Corozal,  department  of  Bayamon.  Popula- 
tion 840. 

Padre  Toro,  Cerro;  hills  in  department  of  Ponce. 

Pajaros;  barrio  in  municipal  district  Bayamon,  department  of  Bayamon.  Popu- 
lation 1,492. 
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Pi^uil;  barrio  in  municipal  district  Hatillo,  department  of  Arecibo.  Population 
130. 

Palma;  barrio  in  municipal  district  Salinas,  department  of  Gnayama. 

Palma,  Punta;  point  on  northwest  coast. 

Palma,  duebrada  la;  Ravine  on  northern  coast,  near  Quebradillas. 

Palma  Escrita;  barrio  in  municipal  district  Las  Marias,  department  of  Maya- 
gnez.    Population  1,148. 

Palmar;  barrio  in  municipal  district  Aguadilla,  department  of  Aguadilla.  Popu- 
lation 700. 

Palmarejo;  barrio  in  municipal  district  Coamo,  department  of  Ponce. 

Palmarejo;  barrio  in  municipal  district  Corozal,  department  of  Bayamon.  Pop- 
ulation 901. 

Palmarejo;  barrio  in  municipal  district  Lajas,  department  of  Mayaguez. 

Palmarito;  barrio  iu  municipal  district  Corozal,  department  of  Bayamon.  Pop- 
ulation 770. 

Palmarota,  Cerro;  hills  in  department  of  Gnayama. 

Palmas;  barrio  in  municipal  district  Arroyo,  department  of  Guayama. 

Palmas;  barrio  in  municipal  district  Bayamon,  department  of  Bayamon.  Popu- 
lation 406. 

Palmas;  barrio  in  municipal  district  Guayama.  department  of  Guayauia.  Popu- 
lation 1,200. 

Palmas  Altas;  barrio  in  municipal  district  Barceloneta,  department  of  Areciba 
Population  1,359. 

Palmas  Altas,  Punta  de;  point  on  northern  shore,  near  Barceloneta. 

Palo  Blanco,  duebrada;  small  stream  on  north  coast,  near  Quebradillas. 

Palo  de  Cafe,  Cerro;  hills  in  southeastern  part  of  department  of  Arecibo. 

Palo  Incado,  Cerro;  hills  near  Ck)amo. 

Palo  Lincado;  barrio  in  municipal  district  Barranquitas,  department  of  Ponce. 
Population  1,299. 

Palomas;  barrio  in  municipal  district  Comerio,  department  of  Guayama.  Popu- 
lation 1,091. 

Palominos,  Isla;  island  off  eastern  coast. 

Palos  Blancos;  barrio  in  municipal  district  Corozal,  department  of  Bayamon. 
Population  1,367. 

Palo  Seco;  barrio  in  municipal  district  Maunabo,  department  of  Humacao. 
Population  802. 

Palo  Seco,  Punta;  point  on  western  entrance  of  harbor  of  San  Juan,  on  northern 
coast. 

Palo  Seco,  Punta  de;  point  on  southern  coast  near  Santa  Isabel. 

Palo  Seco,  Ensenada  de;  harbor  on  southern  coast  near  Santa  Isabel. 

Pardras,  Ensenada  las:  harbor  on  southern  coast  near  Guanica. 

Parguera;  barrio  in  municipal  district  Lajas,  department  of  Mayaguez. 

Parguera,  Isla;  islet  off  southern  coast,  west  of  Ponce. 

Paris;  barrio  in  municipal  district  Lajas,  department  of  Mayaguez.  Population 
875. 

Paso  Palma;  barrio  in  municipal  district  Utuado,  department  of  Arecibo.  Pop- 
ulation 1 ,317. 

Pastillo,  Punta  del;  point  on  southern  coast. 

Pastille,  Puerto  del;  roadstead  on  southern  coast. 

Pasto;  barrio  in  municipal  district  Coamo,  department  of  Ponce.  Population 
1,272. 

Pasto;  barrio  in  municipal  district  Guayanilla,  department  of  Ponce.  Population 
1,276. 

Pasto;  barrio  in  municipal  district  Morovis,  department  of  Arecibo.  Population 
1,314. 
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Pastos;  barrio  in  inanicipal  district  Aibonito.  department  of  Ponce. 

Pasto,  Sierra  del;  mountains  in  western  part  of  dei>artment  of  Ponce. 

Pasto  Viejo;  barrio  in  municipal  district  Cayey.  department  of  Guyama. 

Pasto  Viejo,  Cerro:  hills  in  eastern  part  of  department  of  Ponce. 

Patillas;  municipal  district  in  department  of  Hnmacao.  Area  64  square  miles. 
Population  11,163. 

Patillas;  city  and  post-office  near  coast  in  department  of  Hmnacao.  Population 
l,r>9(\ 

Patillas,  Puerto  del;  harbor  on  southeastern  coast. 

Patillas,  Rio  Grande  de;  a  stream  in  the  southeastern  part  of  the  island. 

Pedernales;  barrio  in  municipal  district  Cabo  Rojo.  department  of  Mayaguez. 
Population  2.060. 

Pedro  Avila;  barrio  in  municipal  district  Cayey,  department  of  Gnayama. 

Pedro  Garcia;  barrio  in  municipal  district  Coamo,  department  of  Ponce.  Pop- 
ulation 1 ,697. 

Peladas,  Cerro;  hills  in  northern  part  of  Mayaguez  department. 

Pelade,  Cerro;  mountains  in  department  of  Guayama. 

Pellejas;  barrio  in  municipal  district  Adjuntas,  depai'tment  of  Ponce.  Popula- 
tion l,r)21. 

Pellejas;  barrio  in  municipal  district  Barros.  department  of  Ponce. 

Pellejas,  Rio;  a  right-hand  branch  of  Arecibo  River  in  department  of  Arecibo. 

Pe&a  Agujereda;  point  on  northwestern  coast  in  department  of  Aguadilla. 

Pefla  Jacinto;  point  on  northwest  coast  in  department  of  Aguadilla. 

Peila  Mon tones;  point  on  northwest  coast  in  department  of  Aguadilla. 

Pe&a  Pobre;  barrio  in  municipal  district  Naguabo,  department  of  Humacao. 
Population  1.064. 

Peilones,  Cuchilla  de  las;  mountains  in  Fajardo  district. 

Peiluelas;  municipal  district  in  department  of  Ponc^  Area  48  square  miles. 
Population  12,129. 

Pefluelas;  interior  city  and  post-office  in  department  of  i'once.    Population  1,129. 

Percha;  barrio  in  municipal  district  Morovis,  department  of  Arecibo.  Population 
1,124. 

Percha,  Punta  de  la;  point  on  northeast  coast  near  Luquillo. 

Perchas  Nos.  1  and  2;  barrios  in  municipal  district  San  Sebastian,  department 
of  Aguadilla. 

Pesa;  barrio  in  municipal  district  Ciales,  department  of  Arecibo.    Population  994. 

Pescadores,  Punta;  point  at  entrance  to  Puerto  Guanica,  on  southern  coast. 

Petrona,  Punta;  point  on  south  coast  near  Santa  Isabel. 

Pezuela:  barrio  in  municipal  district  Lares,  department  of  Aguadilla.  Popula- 
tion 1,010. 

Picua,  Punta;  point  on  northeastern  coast  near  Rio  Grande. 

Picua,  Punta;  point  on  southern  coast  near  Guanica. 

Piedra;  barrio  in  municipal  district  Cayey,  department  of  Guayama. 

Piedra  Gorda;  barrio  in  municipal  district  Camuy,  department  of  Arecibo.  Pop- 
ulation 895. 

Piedras;  municipal  district  in  department  Of  Humacao.  Area  48  square  miles. 
Population  8.602. 

Piedras  Blancas:  barrio  in  municipal  district  San  Sebastian,  department  of  Agua- 
dilla. 

Piedras  Blancas;  barrio  in  municipal  district  Aguada,  department  of  Aguadilla. 

Piedras,  Rio;  a  small  stream  flowing  into  San  Juan  Harbor: 

Piletas;  barrio  in  municipal  district  Lares,  department  of  Aguadilla.  Popalation 
2,455. 

Pimentol,  Cerro;  hills  in  southern  part  of  department  of  Ponce. 
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Piflales;  barrio  in  mnnicipal  district  Ailasco,  department  of  Mayagnez.  Popnla- 
tion  1,038. 

Piflales:  hills  in  northern  part  of  Mayaguez  department. 

Piflas;  barrio  in  municipal  district  Comerio,  department  of  Gnayama. 

Piilas;  barrio  in  municipal  district  Toa  Alta,  department  of  Bayamon.  Popula- 
tion 841. 

Pifias,  Montanes  de  las;  mountains  near  Cidra. 

Pifieiro,  Funta;  point  on  Isla  Puerca,  off  eastern  coast. 

Piileiro,  Isla;  island  off  eastern  coast. 

Pitahaya;  barrio  in  municipal  district  Arroyo,  department  of  Guayama.  Popula- 
tion 801. 

Pitahaya;  barrio  in  municipal  district  Fajardo,  department  of  Humacao.  Popu- 
lation 1,108. 

Pitajalla,  Cerro;  hills  in  eastern  part  of  department  of  Bayamon. 

Pitajalla,  &io:  a  small  stream  in  the  northeastern  part  of  the  island. 

Pitajaya,  Punta;  point  on  southwest  coast.* 

Planas;  barrio  in  municipal  district  Isabela,  department  of  Aguadilla.  Popula- 
tion 936. 

Plata;  barrio  in  municipal  district  Aibonito,  department  of  Ponce.  Population 
1,554. 

Plata;  barrio  in  municipal  district  Lajas,  department  of  Mayaguez. 

Plata;  barrio  in  municipal  district  Moca.  department  of  Aguadilla.  Population 
663. 

Plata,  Rio  de  la;  a  river  heading  in  the  main  range  and  flowing  north  through 
Bayamon  department  to  its  mouth  near  Dorado.    Length  43  miles. 

Play  a;  barrio  in  mnnicipal  district  Ailasco,  department  of  Mayaguez. 

Playa;  barrio  in  municipal  district  Humacao,  department  of  Humacao.  Popula- 
lation  646. 

Playa;  barrio  in  municipal  district  Guayanilla,  department  of  Ponce. 

Playa;  barrio  in  municipal  district  Ponce,  department  of  Ponce.  Population  4,660. 

Playa;  barrio  in  municipal  district  Santa  Isabela,  department  of  Ponce. 

Playa:  barrio  in  municipal  district  Yabucoa,  department  of  Humacao.  Popula- 
tion 1,016. 

Playa  Sucia,  Enseilada;  harbor  near  southwest  point. 

Polios;  barrio  in  municipal  district  Patillas,  department  of  Humacao. 

Ponce;  a  department  occupying  much  of  the  southern  portion  of  the  Island.  It 
is  the  largest  of  the  departments,  its  area  being  821  square  miles.  The  popu- 
lation is  the  greatest— 203,1 91 .  The  density  of  population  is  247  per  square  mile. 
As  to  race,  the  department  is  divided  in  the  proportions  of  59.0  per  cent  white 
and  40.4  per  cent  colored.  Of  the  total  area,  22  per  cent,  or  more  than  one-fifth, 
is  under  cultivation.  The  principal  crop  is  coffee,  in  which  43  per  cent  of  the 
cultivated  area  is  planted,  while  in  sugar  cane  there  is  only  15  per  cent.  Of 
the  total  farm  area,  94  per  cent  was  owned  by  its  occupants,  only  6  per  cent 
being  rented. 

Ponce;  municipal  district  in  department  of  Ponce.  Area  143  s(|uare  miles.  Popu- 
lation 55,477. 

Ponce;  coast  city  and  post-office  in  department  of  Ponce.    Population  27,952. 

Ponce,  Puerto;  harbor  on  southern  coast. 

Portillo;  barrio  in  municipal  district  Ad  juntas,  department  of  Ponce.  Popula- 
tion 1,27  i. 

Portugues:  barrio  in  municipal  district  Ad  juntas,  department  of  Ponce. 

Portugues;  barrio  in  municipal  district  Ponce,  department  of  Ponce.  Popula- 
tion 1,050. 

Portugues,  Bio;  a  small  stream  in  the  southern  part  of  the  island. 

Pozuelo,  Punta;  point  on  southern  coast. 
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Pozas;  barrio  iu  manicipal  district  Ciales,  department  of  Arecibo.  Popalation 
2,796. 

Poza«:  barrio  in  manicipal  district  San  Sebastian,  department  of  Agnadilla. 

Pozo-Hondo;  barrio  in  manicipal  district  Guayama,  department  of  Gnajama. 

Pozos,  Pena  de  los:  point  on  northwest  coast  in  department  of  Agrnadilla. 

Prieto,  Rio;  a  left-hand  branch  of  Rio  Blanco,  in  the  northwest. 

Puente;  barrio  in  manicipal  district  Camay,  department  of  Arecibo.  Popalation 
718. 

Puerca,  Isla;  island  off  eastern  coast. 

Fuerca,  Isla;  island  off  son  them  coast. 

Puerto  Diablo;  barrio  in  manicipal  district  Vieques,  department  of  Hnmacao. 

Puerto  Ferro;  barrio  in  manicipal  district  Vieques,  department  of  Hnmacao. 

Puerto  Kuevo;  barrio  in  manicipal  district  Vega  Baja,  department  of  Bayamon. 
Population  706. 

Puerto  Kuevo,  Bahia  de;  inner  harbor  of  San  Juan  on  north  coast. 

Puerto  Nuevo,  Punta  de;  point  on  eastern  side  of  Puerto  Nuevo  on  northern 

coast. 

Puerto  Nuevo,  Rio;  a  small  stream  flowing  into  San  Juan  Harbor. 

Puerto  Real  Abajo;  barrio  in  manicipal  district  Vieques,  department  of  Hnma- 
cao.   Population  636. 

Puerto  Real  Arriba;  barrio  in  manicipal  district  Vieques,  department  of  Hnma- 
cao.   Popalation  708. 

Puertos;  barrio  in  manicipal  district  Camay,  department  of  Arecibo.  Popala- 
tion 419. 

Pugnado  Adentro;  barrio  in  municiiMil  district  Vega  Baja,  department  of  Baya- 
mou.    Population  425. 

Pugnado  Afuera;  barrio  in  manicipal  district  Vega  Baja,  department  of  Baya- 
mon.    Population  1,336. 

Pulguillas;  barrio  in  municipal  district  Coamo,  department  of  Ponce.  Popula- 
tion 1,142. 

Punta  Arenas;  barrio  in  manicipal  district  Vieques,  department  of  Humacao. 

Punta  Santiago;  post  village  in  department  of  Humacao. 

Puntas;  barrio  in  manicipal  district  Rincon,  department  of  Aguadilla.  Popula- 
tion, 1,006. 

Puntas,  Cerro  de;  mountains  in  northern  part  of  department  of  Ponce. 

Puntilla,  Punta  de  la;  point  on  southern  coast,  near  Guayanilla. 

Purisima  Concepcion;  barrio  in  manicipal  district  Las  Marias,  departnxent  ot 
Mayaguez.    Popalation  1,007. 

duebrada;  barrio  in  manicipal  district  Camay,  department  of  Arecibo.  Popala- 
tion 1,213. 

duebrada;  barrio  in  municipal  district  San  Lorenzo,  department  of  Guayama. 
Popalation  1,193. 

Quebrada  Arena;  barrio  in  manicipal  district  San  Lorenzo,  department  of 
Gnayama.    Popalation  1.452. 

duebrada  Arenas;  barrio  in  manicipal  district  Maanabo,  department  of  Humacaa 

duebrada  Arenas;  barrio  in  municipal  district  Piedras,  department  of  Humacaa 

duebrada  Arenas;  barrio  in  municipal  district  Rio  Piedras, department  of  Baya- 
mon.     Popalation  716. 

duebrada  Arenas;  barrio  in  municipal  district  Toa  Alta,  department  of  Baya- 
mon.    Popalation  777. 

duebrada  Arenas:  barrio  in  municipal  district  Vega  Baja,  department  of  Baya- 
mon.    Population  348. 

duebrada  Arriba;  barrio  in  municipal  district  Cayey,  department  of  Quayama. 

duebrada  Arriba;  ban*io  in  municipal  district  Patillas,  department  of  Humacao. 
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Quebrada  Ceiba;  barrio  in  mnnicipal  district  Penaelas,  department  of  Ponce. 

Population  1,006. 
duebrada  Cruz;  barrio  in  municipal  district  Toa  Alta,  department  of  Bayamon. 

Population  1,165. 
Quebrada  Fajardo;  barrio  in  municipal  district  Fajardo,  department  of  Humacao. 

Population  888. 
diiebrada  Grande;    barrio  in  municipal  district  Barranquitas,  department  of 

Ponce.    Population  931. 
duebrada  Grande;  barrio  in  municipal  district  Mayagruez,  department  of  Maya- 

guez.    Population  1,035. 
Quebrada  Grande;  barrio   in  municipal  district  Trujillo  Alto,  department  of 

Bayamon.    Population  955. 
Quebrada  Honda;  barrio  in  municipal  district  Guayanilla,  department  of  Ponce, 
Quebrada  Honda;  barrio  in  municipal  district  San  Lorenzo,  department  of  Guay- 

ama.    Populati(m  1,616. 
duebrada  Honda,  Piinta;  point  on  southeast  coast. 

duebrada  Infierno;  barrio  in  municipal  district  G  urabo,  department  of  Guayama. 
Quebrada  Infierno;  barrio  in  municipal  district  Trujillo  Alto,  department  of 

Bayamon.    Population  1,487. 
Quebrada  Larga;  barrio  in  municipal  district  Ailasco,  department  of  Mayaguez. 
duebrada  Limon;  barrio  in  municipal  district  of  Ponce,  department  of  Ponce. 

Population  547. 
Quebradas;  barrio  in  municipal  district  Guayanilla,  department  of  Ponce. 
duebradas;  barrio  in  municipal  district  Yauco,  department  of  Ponce.    Popula- 
tion 1,009. 
duebrada  Seca;  barrio  in  municipal  district  Fajardo,  department  of  Humacao. 
duebrada  Teguas;  barrio  in  municipal  district  Salinas,  department  of  Guayama. 
duebradillas;   municipal  district  in  department  of  Arecibo.    Area  19  square 

miles.    Population  7,433. 
duebradillas;  city  and  post-office  in  department  of  Arecibo.    Population  1,166. 
Quebradillas;  barrio  in  municipal  district  Barranquitas,  department  of  Ponce. 

Population  1,051. 
Quebradillas:  barrio  in  municipal  district  Quebradillas,  department  of  Arecibo. 

Population  1,166. 
duemado;  barrio  in  municipal  district  Mayaguez,  department   of  Mayaguez. 

Population  952. 
Quemado;  barrio  in  municipal  district  San  Lorenzo,  department  of  Guayama. 

Population  1,255. 
Rabanal;  barrio  in  municipal  district  Cidra,  department  of  Guayama. 
&amo8,  Isla;  island  off  eastern  coast,  near  Fajardo. 

Bancheras;  barrio  in  municipal  district  Yauco,  department  of  Ponce.    Popula- 
tion 1.220. 
Baspado,  Cerro;  hills  in  the  southeastern  part  of  the  department  of  Ponce. 
Ratones,  Isla;  island  off  southern  coast,  near  Salinas. 
Rayo;  barrio  in  municipal  district  Sabana  Grande,  department  of  Mayaguez. 

Population  1,222. 
Real;  barrio  in  municipal  district  Ponce,  department  of  Ponce.    Population  1 ,440. 
Real,  Cayo;  islet  off  southern  coast,  near  Ponce. 
Real,  Puerto;. harbor  on  western  coast. 

Redonda,  Piedra;  rocky  point  on  north  coast,  near  Quebradillas. 
Redondo,  Cayo;  islet  off  southern  coast. 

Retire;  barrio  in  municipal  district  San  German,  department  of  Mayaguez.    Pop- 
ulation 983. 
Rincon;  municipal  district  in  department  of  Aguadilla.    Area  21  square  miles; 

population  6,641. 
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Rincon;  coast  city  and  post-office  in  department  of  Aguadiila.     Population  1.074. 

Rincon:  barrio  in  municipal  district  Cayey,  department  of  Gnayama. 

Rincon;  barrio  in  municipal  district  Cidra,  department  of  Guayama. 

Rincon;  barrio  in  municipal  district  Gnrabo,  department  of  Gnayama.  Fopnla- 
tion  1,155. 

Rincon;  barrio  in  municipal  district  Sabana  Grande,  department  of  May  agues. 
Population  1,244. 

Rincon,  Ensenada  de;  roadstead  on  southern  coast. 

Rio;  barrio  in  municipal  district  Mayaguez,  department  of  Mayagnez.  Popular 
tion  1.722. 

Rio:  barrio  in  municipal  district  Naguabo,  department  of  Humacao. 

Rio;  barrio  in  municipal  district  Rio  Piedras,  department  of  Bayamon.  Popula- 
tion 051. 

Rio  Abajo;  barrio  in  municiiMil  district  Cidra,  department  of  Guayama. 

Rio  Abajo;  barrio  in  municipal  district  Humacao.  department  of  Humacao. 

Rio  Abajo;  barrio  in  municipal  district  Fajardo,  department  of  Hnmacao.  Pop- 
ulation 1,021. 

Rio  Abajo;  barrio  in  municipal  district  Piedras,  department  of  Homacao.  Pop- 
ulation 1,122. 

Rio  Abajo;  barrio  in  municipal  district  Utuado,  department  of  Arecibo.  Popu- 
lation 1,235. 

Rio  Abajo;  barrio  in  municipal  district  Vega  Baja.  department  of  Bayamon. 

Rio  Arriba;  barrio  in  municipal  district  Fajardo,  department  of  Humacao.  Pop- 
ulation 726. 

Rio  Arriba:  barrio  in  municipal  district  Piedras.  department  of  Humacao.  Pop- 
ulation 1,028. 

Rio  Arriba;  banio  in  municipal  district  Vega  Baja,  department  of  Bayamon. 

Rio  Arriba;  barrio  in  municipal  district  Ailasco,  department  of  Mayaguez. 

Rio  Arriba;  barrio  in  municipal  district  Arecibo,  department  of  Arecibo.  Pop- 
ulation 1,709. 

Rio  Arriba;  barrio  in  municipal  district  Patillas,  department  of  Humacao.  Pop- 
ulation 1,080. 

Rio  Arriba  Poniente:  barrio  in  municipal  district  Manati,  department  of  Areciba 
Population  1,862. 

Rio  Arriba  Salient e;  barrio  in  municipal  district  Manati,  department  of  Areciba 
Population  1,593. 

Rio  Blanco  Abajo;  barrio  in  municipal  district  Naguabo,  department  of  Huma- 
cao.   Population  976. 

Rio  Blanco  Arriba;  barrio  in  municipal  district  Naguabo,  department  of  Huma- 
cao.   Population  959. 

Rio  Ca&as:  barrio  in  municipal  district  Afiasco,  department  of  Mayaguez. 

Rio  Cailas;  barrio  in  municipal  district  Caguas,  department  of  Guayama.  Pop- 
ulation 1 .336. 

Rio  Cailaa;  barrio  in  municipal  district  Las  Marias,  department  of  Mayaguez. 
Population  772. 

Rio  Cailas  Abajo;  barrio  in  municipal  district  Juana  Diaz,  department  of  Ponce. 
Population  1,066. 

Rio  Caflas  Abajo;  barrio  in  municipal  district  Mayaguez,  department  of  Maya- 
guez.   Population  1,095. 

Rio  Ca&as  Arriba;  barrio  in  municipal  district  Jnana  Diaz,  department  of  Ponoe. 
Population  990. 

Rio  Cailas  Arriba;  barrio  in  municipal  district  Mayaguez,  department  of  Maya- 
guez. 

Rio  Orande,  municipal  district  in  department  of  Bayamon.  Area  47  aqiuuna 
miles.     Population  12,365. 
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Rio  Grande;  interior  city  and  i>OBt-office  in  department  of  Bayamon.  Population 
1,285. 

Rio  Grande;  barrio  in  uinnicipal  district  Morovis,  department  of  Arecibo.  Pop- 
ulation 841. 

Rio  Grande:  barrio  iu  municipal  district  Rincon,  department  of  Aguadilla. 
Population  676. 

Rio  Grande;  barrio  in  municipal  district  Aguada,  department  of  Aguadilla. 

Rio  Hondo;  barrio  in  municipal  district  Comerio,  department  of  Guavama. 
Population  1,161. 

Rio  Hondo;  barrio  in  municipal  district  Mayaguez,  department  of  Mayaguez. 

Rio,  Isla  del;  islet  off  southern  coast. 

Rio  Jueyes;  barrio  in  municipal  district  Salinas,  department  of  Guayama.  Po^v 
ulation  1,248. 

Rio  Lajas;  barrio  in  municipal  district  Dorado,  department  of  Bayamon.  Popu- 
lation 877. 

Rio  Lajas;  barrio  in  municipal  district  Toa  Alta.  department  of  Bayamon. 
Population  973. 

Rio  Piedras;  municipal  district  in  the  department  of  Bayamon.  Area  52  square 
miles.    Population  18.760. 

Rio  Piedras;  interior  city  and  post-office  in  department  of  Bayamon.  Popula- 
tion 2,249. 

Rio  Prieto;  barrio  in  municipal  district  Lares,  department  of  Aguadilla.  Popu- 
lation 1.931. 

Rio  Prieto;  barrio  in  municipal  district  Yauco,  department  of  Ptmce.  Popula- 
tion 799. 

Rios:  barrio  in  municipal  district  Patillas,  department  of  Humacao. 

Roadero,  Cerro;  mountains  in  western  part  of  department  of  Ponce. 

Roble;  barrio  in  municipal  district  Aibonito,  department  of  Ponce. 

Robles;  barrio  in  municipal  district  San  Sebastian,  department  of  Aguadilla. 

Rocha;  barrio  in  municipal  district  Moca.  department  of  Aguadilla.  Population 
9()2. 

Rodeo,  Funta:  i>oint  on  southern  coast. 

Rojo,  Cabo;  the  southwestern  cape  of  the  island. 

Roncador;  barrio  in  municipal  district  Utuado,  department  of  Arecibo.  Popu- 
lation 1,180. 

Rosario;  barrio  in  municipal  district  Aguada,  department  of  Aguadilla. 

Roeario;  barrio  in  municipal  district  Mayaguez,  department  of  Mayaguez.  Pop- 
ulation 852. 

Rosario  Alto;  barrio  in  municipal  district  San  German,  dei)artment  of  Maya- 
guez.   Population  811. 

Rosario  Baja;  barrio  in  municipal  district  San  German,  department  of  Maya- 
guez.    Population  1,027. 

Rosario  Pe&on;  barrio  in  municipal  district  San  German,  department  of  Maya- 
guez. 

Rosario,  Rio  del;  a  right-hand  branch  of  Rio  Guanajibo,  in  the  western  part  of 
the  island. 

Rubias:  l)arrio  in  municipal  district  Yauco,  de^iartment  of  Ponce.  Population 
627. 

Rucio:  barrio  in  municipal  district  Pefluelas,  department  of  Ponce.  Population 
2,288. 

Sabalos;  barrio  in  municipal  district  Mayaguez,  department  of  Mayaguez. 
Population  2,365. 

Babana;  barrio  in  municipal  district  Barros,  department  of  Ponce. 

Babana;  barrio  in  municipal  district  Fajardo,  departmant  of  Utmiacao. 
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Sabana;  barrio  in   municipal  district    Rio  Grande,  department  of  Bayamcm. 
Population  600. 

Sabana;  barrio   in  municipal   district  Vega   Alta,   department   of   Bayamon. 
Population  910. 

Sabana,  Cerro;  mountains  in  Humacao  department. 

Sabana,  Bio:  a  small  stream  in  the  northeastern  part,  flowing  into  the  sea  at 
Luquillo. 

Sabana  Abaja;  barrio  in  municipal  district  Carolina,  department  of  Bayamon. 
Population  578. 

Sabana   Eneas;  baxrio    in    municipal    district   San   Qerman,    department  of 
Mayaguez. 

Sabana  Grande;  municipal  district  in  department  of  Mayaguez.    Area  55  square 
miles.    Population  10.560. 

Sabana  Grande;  interior  city  and  post-office  in  department  of  Mayaguez.    Popu- 
lation 2.531. 

Sabana  Grande;  barrio  in  municipal  district  Utuado,  department  of  Areciba 
Population  1,053. 

Sabana  Grande  Abajo;  barrio  in  municipal  district  San  G^erman,  department  of 
Mayagrnez.    Population  1,021. 

Sabana  Hoyos;  barrio  in  municipal  district  Arecibo,  department  of  Arecibo. 
Population  3,568. 

Sabana  Liana;  barrio  in  municipal  district  Juana  Diaz,  department  of  Ponce. 

Sabana  Liana;  barrio  in  municipal  district  Rio  Piedras,  department  of  Bayamon. 
Population  1,644. 

Sabana  Seca;  barrio  in  municipal  district  Toa  Baja.  department  of  Bayamon. 
Population  737. 

Sabana  Yeguas;  barrio  in  municipal  district  Lajas,  department  of  Mayaguez. 
Population  938. 

Sabanetas;  barrio  in  municipal  district  Mayaguez,  department  of  Mayaguez. 
Population  1.401. 

Sabanetas;  barrio  in  municipal  district  Ponce,  department  of  Ponce.    Population 
1,065. 

Saco;  barrio  in  municipal  district  Fajardo,  department  of  Humacao. 

Salinas;  municipal  district  in  department  of  Guayama.    Area  98  square  miles. 
Population  5,731, 

Salinas;  coast  city  and  post-office  in  department  of  Guayama.    Population,  1,192. 

Salinas,  Punta  de;  point  on  north  coast  west  of  San  Juan. 

Salinas,  Puerto  de;  harbor  on  southern  coast. 

Salinas,  Punta;  point  on  southern  coast,  near  Ponce. 

Saltillo;  barrio  in  municipal  district  Adjuntas,  department  of  Ponce.    Popula- 
tion 2,098. 

Salto;  barrio  in  municipal  district  Cidra,  department  of  Guayama. 

Salto;  barrio  in  municipal  district  San  Sebastian,  department  of  Aguadilla. 

Salto  Abajo;  barrio  in  municipal  district  Utaado,  department  of  Arecibo.     Pop- 
ulation 836. 

Salto  Arriba;  barrio  in  municipal  district  Utuado,  department  of  Arecibo.    Pop- 
ulation 855. 

Saltos;  barrio  in  municipal  district  Barros,  department  of  Ponce.    Population 
1,037. 

Salud;  barrio  in  municipal  district  Mayaguez,  department  of  Mayaguez.    Popu- 
lation 1,726. 

San  Anton;  barrio  in  municipal  district  Ponce,  department  of  Ponce.    Popula- 
tion 963. 

San  Antonio;  barrio  in  municipal  district  Caguas,  department  of  Guayama. 
Population  887. 
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San  Antonio;  barrio  in  manicipal  district  CaroliDa,  department  of  Bayamon. 
Population  615. 

San  Antonio;  barrio  in  mnnicipal  district  Qnebradillas,  department  of  Arecibo. 
Population  1,760. 

San  Cristobal;  barrio  in  municipal  district  San  Juan,  department  of  Bayamon. 
Population  3,131. 

San  Diego,  Punta  de;  point  on  northeastern  coast. 

San  Domingo,  Cerro  de;  mountains  in  department  of  Ponce. 

San  Francisco:  barrio  in  municipal  district  Humacao,  department  of  Humacao. 

San  Francisco;  barrio  in  municipal  district  San  Juan,  department  of  Bayamon. 
Population  1,177. 

San  Qerman;  mnnicipal  district  in  department  of  Mayaguez. '  Area  55  square 
miles.    Population  20,246. 

San  Qerman;  interior  city  and  poet-office  in  department  of  Mayaguez.  Popula- 
tion 3,954. 

San  Ildefonso;  barrio  in  mnnicipal  district  Coamo,  department  of  Ponce.  Popu- 
lation 1,252. 

San  Juan;  municipal  district,  coast  city,  and  capital  of  the  island  in  department 
of  Bayamon.    Area  12  square  miles.    Population  32.048. 

San  Juan:  barrio  in  municipal  district  Humacao,  department  of  Humacao.  Pop- 
ulation 1,160. 

San  Jose;  barrio  in  municipal  district  Quebradillas,  department  of  Arecibo. 
Population  687. 

San  Juan,  Bahia  de;  harbor  of  San  Juan  on  northern  coast. 

San  Jose,  Laguna;  lagoon  on  north  coast  east  of  San  Juan. 

San  Lorenzo;  municipal  district  in  department  of  Guayama.  Area  54  square 
miles.    Population  13,483. 

San  Lorenzo;  interior  city  and  post-office  in  department  of  Guayama.  Popula- 
tion 2,084. 

San  Lorenzo;  barrio  in  municipal  district  Morovis,  department  of  Arecibo.  Pop- 
ulation 884. 

San  Salvador;  barrio  in  municipal  district  Caguas,  department  of  Guayama. 
Population  1,605. 

San  Patricio;  barrio  in  municipal  district  Ponce,  department  of  Ponce.  Popula- 
tion 1,217. 

San  Sebastian;  municipal  district  in  department  of  Ag^adilla.  Area  43  square 
miles.    Population  16.412. 

San  Sebastian;  interior  city  and  poet-office  in  department  of  Aguadilla.  Popu- 
lation 1,700. 

Santa  Ana,  Cerro;  hills  near  Hato  Grande. 

Santa  Barbara;  barrio  in  municipal  district  Aguadilla,  department  of  Aguadilla. 
Population  1,502. 

Santa  Catalina;  barrio  in  municipal  district  Ck)amo,  department  of  Ponce.  Pop- 
ulation  1,864. 

Santa  Cruz;  barrio  in  municipal  district  Carolina,  department  of  Bayamon.  Pop- 
ulation 435. 

Santo  Domingo;  barrio  in  municipal  district  Humacao,  department  of  Humacao. 
Population  1,505. 

Santo  Domingo;  barrio  in  municipal  district  Pe&uelas,  department  of  Ponce. 
Population  812. 

Santa  Isabel;  municipal  district  in  department  of  Ponce.  Area  44  square  miles. 
Population  4,858. 

Santa  Isabel;  coast  city  and  post-office  in  department  of  Ponce.  Population 
1,142. 
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Santa  Isabel:  barrio  in  mnnicipal  district  Utnado,  department  of  Areciba  Popu- 
lation 8T5. 

Santana:  barrio  in  municipal  district  Arecibo,  department  of  Arecibo.  Popula- 
tion 1,555. 

Santana;  barrio  in  municipal  district  Sabana  Grande,  department  of  Mayaguez. 
Population  921. 

Santa  Olaya;  barrio  in  municipal  district  Bayamon.  department  of  Bayamon. 
Population  1,100. 

Santa  Bosa;  barrio  in  municipal  district  Bayamon,  department  of  Bayamon. 
Population,  687. 

Santa  Rosa;  barrio  in  municipal  district  Lajas,  department  of  Mayaguez. 

Santa  Rosa;  barrio  in  municipal  district  Utnado,  department  of  Arecibo.  Popu- 
lation 793. 

Santa  Teresa,  Cerro;  mountains  in  department  of  Humacao. 

Santiago;  barrio  in  municipal  district  Camuy,  department  of  Arecibo.  Popula- 
tion G57. 

Santiago;  barrio  in  municipal  district  Humacao,  department  of  Humacao. 

Santiago,  Cayo;  small  island  off  southeastern  coast. 

Santiago  Luna;  barrio  in  municipal  district  Naguabo,  department  of  Humacao. 

Santiago,  Punta  de;  point  on  southeast  coast  near  Humacaa 

Santiago,  Bio;  a  small  stream  in  the  eastern  part  of  the  island. 

Santurce;  barrio  in  municipal  district  San  Juan,  department  of  Bayamon.  Popu- 
lation 5,840. 

Sardinera;  barrio  in  municipal  district  Fajardo,  department  of  Humacao. 

Sardineia,  Punta:  point  on  north  coast  near  Dorado. 

Sendas,  Altos  de;  hills  in  southern  part  of  department  of  Arecibo. 

Sierra  Alta;  barrio  in  municipal  district  Yauco,  department  of  Ponce.  Popula- 
tion 1,411. 

Sierra  Baja;  barrio  in  municipal  district  Guayaniila,  department  of  Ponce.  Pop- 
ulation 787. 

Sombrero,  Cerro:  hills  near  Maunabo. 

Sonador;  barrio  in  municipal  district  San  Sebastian,  department  of  Aguadilla. 

Sonador,  Bio:  a  left-hand  branch  of  Rio  Culebrinas,  in  the  northwestern  part  of 
the  island. 

Sonadora;  barrio  in  municipal  district  Aguas  Buenas,  department  of  Guayama. 

Sonadora;  barrio  in  mnnicipal  district  Bayamon,  department  of  Bayamon.  Pop- 
ulation 729. 

Sonadora,  Cerro;  hills  in  department  of  Guayama. 

Sumidero;  barrio  in  municipal  district  Aguas  Buenas,  department  of  Guayama. 
Population  984. 

Sumido;  barrio  in  municipal  district  Cayey.  department  of  Guayama. 

Sumido,  Cerro:  hills  near  Cayey. 

Sur;  barrio  in  municipal  district  Cidra,  department  of  Guayama. 

Susua;  barrio  in  mnnicipal  district  Sabana  Grande,  department  of  Mayaguez. 

Susua,  Bio:  a  river  in  the  southwestern  part  of  the  island. 

Tabonuco;  barrio  in  municipal  district  Sabana  Grande,  department  of  Mayaguez. 
Population  1,888. 

Tacones,  Punta,  point  on  north  coast  at  mouth  of  the  River  Bayamon. 

Talante;  barrio  in  municipal  district  Maunabo.  department  of  Humacao. 

Tallaboa;  post  village  in  department  of  Ponce. 

Tallaboa  Alta;  barrio  in  municipal  district  Peiiuelas,  department  of  Ponce. 
Population  946. 

Tallaboa,  Puerto  de:  roadstead  on  southern  coast. 

Tallaboa,  Bio;  a  stream  in  the  southern  part  of  the  island. 

Tallaboa  Poniente;  barrio  in  municipal  district  Pefiuelas,  department  of  Ponce. 
Population  874. 


OANNETT.]  A    GAZETTEER    OF   PORTO    RICO.  49 

Tallaboa  Saliente;  barrio  in  municipal  district  Pefiaelas,  department  of  Ponce. 

Tamarinde;  barrio  in  municipal  district  Agrnadilla,  department  of  Aguadilla. 
Population  1,030. 

Tanama*  barrio  in  municipal  district  Arecibo.  department  of  Arecibo.  Popula- 
tion, 1.023. 

Tanama;  barrio  in  municipal  district  Adjuutas,  department  of  Ponce.  Popula- 
tion 752. 

Tanama,  &io;  a  left-hand  branch  of  Arecibo  River  in  department  of  Arecibo. 

Teatro;  barrio  in  municipal  district  San  Juan,  department  of  Bayamon.  Popula- 
tion 2,592. 

Teja;  barrio  in  municipal  district  Yabucoa,  department  of  Humacao.  Popula- 
tion 933. 

Tejas;  barrio  in  municipal  district  Humacao,  department  of  Humacao.  Popula- 
tion 704. 

Tejaa  Alto;  barrio  in  municipal  district  Piedras,  department  of  Humacao.  Popu- 
lation 948. 

Tejon,  Cerro:  hills  in  Mayaguez  district. 

Terranova:  barrio  in  municipal  district  Quebradillas,  department  of  Arecibo. 
Population  779. 

Tetuan;  barrio  in  municipal  district  Utuado,  department  of  Arecibo.  Popula- 
tion 1,678. 

Tibes:  barrio  in  municipal  district  Ponce:  department  of  Ponce.  Popniation 
1 .878. 

Tierraa  Nuevas  Poniente;  barrio  in  municipal  district  Manati,  department  of 
ArecilK).    Population  1,534. 

Tierras  Nuevas  Saliente;  barrio  in  municipal  district  Manati,  department  of 
Arecibo.    Population  776. 

Tijera,  Cerro  de  la:  hills  near  Juana  Diaz. 

Tijeras:  barrio  in  municipal  district  Juana  Diaz,  department  of  Ponce. 

Tinaja,  Funta;  point  on  southwest  coast. 

Toa  Alta;  municipal  district  in  department  of  Bayamon.  Area  22  s<iuare  niih  s. 
Population  7,908. 

Toa  Alta;  post  village  in  department  of  Bayamon. 

Toa,  Bahia  de;  bay  on  north  coast  west  of  San  Juan. 

Toa  Baja;  municipal  district  in  department  of  Bayamon.  Area  4i  s<iuare  miles. 
Population  4,030. 

Toa  Baja;  city  and  post-office  near  coast  in  department  of  Bayamon.  Popula- 
tion 1 ,300. 

Toa  Vaca,  Rio  de;  a  branch  of  Rio  Jacaguas  in  the  southern  part. 

Toconies,  Punta:  point  on  southwestern  coast. 

Toita;  barrio  in  municipal  district  Cayey,  department  of  Guayama. 

Toita;  barrio  in  municipal  district  Cidra,  department  of  Guayama. 

Tomaa  de  Castro;  barrio  in  municipal  district  Caguas,  department  of  Guayama. 
Population  1,575. 

Toro  Negro;  barrio  in  municipal  district  Ciales,  department  of  Arecibo.  Popu* 
lation  2,252. 

Toro  Negro,  Bio;  a  branch  of  Manati  River  in  department  of  Arecibo. 

Toro,  El;  summit  in  eastern  part  of  department  of  Bayamon. 

Toro,  Funta  del;  point  on  southeastern  coast. 

Toro,  duebrada  del:  small  stream  on  northern  coast  near  Quebradillas. 

Torre;  l>arrio  in  municipal  district  Sabana  Grande,  department  of  Mayaguez. 

Torrecilla;  barrio  in  municipal  district  Morovis,  department  of  Arecibo.  Poi»u- 
lation  572. 

Torrecilla,  Laguna;  lagoon  on  norther  a  coast  east  of  San  Juan. 
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Torrecillas;  barrio  in  nmnicipal  district  Loiza,  department  of  Bayamon.     Popn- 

lation  1,473. 
Tortugo;  barrio  in  mrinicipal  district  Rio  Piedras,  department  of  Bayamon. 

Population  4(K). 

Tortuguero,  Puerto  del:  open  roadstead  on  north  coast  near  Manati 

Tres  Palmitas,  play  a  de  laa;  beach  on  north  coast  near  Loiza. 

Trujillo  Alto:  municipal  district  in  department  of  Bayamon.  Area  20  square 
miles.    Population  5.683. 

Trujillo,  Alto;  city  and  post-office  in  department  of  Bayamon.    Population  1,025. 

Trujillo  Bajo;  barrio  in  municipal  district  Carolina,  department  of  Bayamon. 
Population  651 . 

Tumbado,  Cerro;  hills  near  Maunabo. 

Tuna;  barrio  in  municipal  district  San  (German,  department  of  Mayagaez. 

Turabo:  barrio  in  municipal  district  Cagruas,  department  of  Guayama.  Popula- 
lation  1,557. 

TJnibon;  barrio  in  municipal  district  Morovis,  department  of  Arecibo.  Popula- 
tion 643. 

TJrrejola;  barrio  in  municipal  district  San  Sebastian,  department  of  Agoadilla. 

TJsabon,  Bio;  a  left-hand  branch  of  Rio  de  la  Plata. 

TJtuado:  municipal  district  in  department  of  Arecibo.  Area  159  square  miles. 
Population  43,860. 

TJtuado;  interior  city  and  post-office  in  department  of  Arecibo.    Population  3,619. 

TJvero,  Punta  del;  point  on  northern  coast  near  Loiza. 

Vacas:  barrio  in  municipal  district  .Tuana  Diaz,  department  of  Ponce.  Popula- 
tion 1,841. 

Vaciatalegas,  Punta;  point  on  north  coast  near  Loiza. 

Vaga;  barrio  in  municipal  district  Morovis,  department  of  Arecibo.  Population 
828. 

Valenciano  Abajo:  barrio  in  municipal  district  Juncos,  department  of  Quayama. 

Valenciano  Arriba;  barrio  in  municipal  district  Juncos,  department  of  Guay- 
ama. 

ValencianoB,  Bio;  a  right-hand  tributary  to  Loiza  River. 

Vaguera,  Punta;  point  on  southern  coast  near  Guanica. 

Vega;  barrio  in  municipal  district  Cayey,  department  of  Guayama. 

Vega;  barrio  in  municipal  district  Comerio.  department  of  Guayama. 

Vega  Abajo;  barrio  in  municipal  district  Adjuntas,  department  of  Ponce. 

Vega  Alta;  municipal  district  in  department  of  Bayamon.  Area  17  square  miles. 
Population  6.107. 

Vega  Alta:  interior  city  and  post-office  in  department  of  Bayamon.  Population 
1,081. 

Vega  Arriba;  barrio  in  municipal  district  Adjuntas,  department  of  Ponce. 
Population  1,159. 

Vega  Baja;  municipal  district  in  department  of  Bayamon.  Area  37  square  miles. 
Population,  10,305. 

Vega,  Baja;  interior  city  and  post-office  in  department  of  Bayamon.  Population 
2.2H8. 

Vegas;  barrio  in  municipal  district  Yauco,  department  of  Ponce. 

Vegas  Abajo:  barrio  in  municipal  district  Piedras,  department  of  Humacao. 
Population  691. 

Velazquez;  barrio  in  municipal  district  Santa  Isabel,  department  of  Ponce. 

Victoria;  barrio  in  municipal  district  Aguadilla,  department  of  Aguadilla.  Popu- 
lation 716. 

Viejo  Enrique,  Isla;  islet  off  southwest  coast. 

Viejo,  Bio;  a  left-hand  branch  of  Rio  Guanajibo  in  the  western  part  of  the  island. 

Viento,  Punta  del;  point  on  southeast  coast. 
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Vieques:  island  and  mnnicipal  district  in  department  of  Hnmacao  east  of  Porto 
Rico.    Area  79  square  miles.    Population  6,642. 

Vieques;  city  and  post-office  in  department  of  Hnmacao.    Population  2,646. 

Viera  duebrada;  ravine  on  north  coast,  near  Quebradillas. 

Vigia  de  Coamo,  Cerro;  hills  near  Coamo,  in  department  of  Ponce. 

Vijia,  Cerro;  hills  in  Rincon  district. 

Villalba  Abajo;  barrio  in  municipal  district  J  nana  Diaz,  department  of  Ponce. 
Population  1,363. 

Villalba  Arriba;  barrio  in  municipal  district  Juana  Diaz,  department  of  Ponce. 
Population  2,917. 

Viva  Abajo;  barrio  in  municipal  district  Utuado,  department  of  Arecibo.    Popu- 
lation 1,253. 

Viva  Arriba;  barrio  in  nmnicii>al  district  Utuado,  department  of  Arecibo.     Popu- 
lation 1,240. 

Vivi,  Rio:  a  right-hand  branch  of  Arecibo  River  in  department  of  Arecibo. 

Voladoras;  barrio  in  municipal  district  Moca,  department  of  Ag^adilla.    Popula- 
tion 1,267. 

Yabucoa;  municipal  district  in  department  of  Hnmacao.    Area  45  square  miles. 
Population  13.905. 

Yabucoa:  interior  city  and  post-office  in  department  of  Hnmacao.    Population 
1 ,838. 

Yabucoa,  Puerto  de;  harbor  on  southeastern  coast. 

Yabueca,  Altos  de;  mountain  summits  in  northwestern  part  of  department  of 
Ponce. 

Yagua,  Cerro:  mountains  in  Mayaguez  department. 

Yaguez,  Rio;  a  small  stream  flowing  into  the  sea  near  Mayaguez  on  the  west 
coast. 

Yahuecas;  barrio  in  municipal  district  Ad  juntas,  department  of  Ponce.    Popula- 
tion 1,710. 

Yauco;  mnnicipal  district  in  department  of  Ponce.    Area  102  square  miles.    Pop- 
ulation 27,119. 

Yauco:  interior  city  and  post-olfice  in  department  of  Ponce.     Population  6,108. 

Yayales:  barrio  in  municipal  district  Adjuntas,  department  of  Ponce.    Popula- 
tion 660. 

Yeguada;  barrio  in  municipal  district  Camuy.  department  of  Arecibo.    Popula- 
tion 794. 

Yeguada;  barrio  in  municipal  district  Vega  Baja,  department  of  Bayamon. 
Population  428. 

Yeguadilla  Occidental;  barrio  in  mnnicipal  district    Hatillo,  department   of 
Arecibo.    Population  963. 

Yeguadilla  Oriental;  barrto  in  municipal  district  Hatillo,  department  of  Areciba 
Population  995. 

Yeguas,  Punta  de  las;  point  on  southeastern  coast. 

Yunes,  Rio;  a  right-hand  tributary  of  Arecibo  River,  in  Arecibo  department. 

Yunque,  El;  the  highest  summit  of  the  island  in  Sierra  Luquillo,  in  the  north- 
eastern part.    Elevation  3,790. 

Zafao,  Cerro  del:  mountains  in  the  northwestern  part  of  department  of  Ponce. 

Zancudos,  Isla;  island  off  eastern  coast. 

Zanja;  barrio  in  municipal  district  Camuy,  department  of  Arecibo.    Population 
833. 

Zanja  Colorada  Playa;  beach  on  north  coast  near  Arecibo. 

Zarzal:  barrio  in  municipal  district  Rio  Grande,  department  of  Bayamon.    Pop- 
ulation 1,191. 
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